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ADVERTISEMENT. 


_The Committee appointed by the Moi/al. Society to direct the 
publication of the Philosophical Transactions, take this opportunity 
to acquaint the Public, that it fully appears, as well from the 
council-books and journals of the Society, as from repeated de- 
clarations which have been made in several former Transactions, 
that the printing of them was always, from time to time, the 
single act of the respective Secretaries, till the Forty-seventh 
Volume : the Society, as a Body, never interesting themselves • 
any further in their publication, than by occasionally recom- 
mending the.revival of them to some of their Secretaries, when, 
from the particular circumstances of their affairs, the Transactions 
had Happened for any length of time to be intermitted. And 
this seems principally to have been done with a view to satisfy 
the Public, that their usual meetings were then continued, for the 
improvement of knowledge, and benefit ,of mankind, the great 
ends of their first institution by the Eoy’al Charters, and which 
they have ever since steadily pursued. 

But the Society being of late years greatly enlarged, and their 
communications more numerous, it was thought advisable that a, 
Comraittee bf their members should be appointed, to reconsider 
the papers read before them, and select out of them such as they 
Should judge most proper for pubUcation in the futUre lVarm’BC- 
which was accordingly done upon the 26th of March, 
3^52* 4JQ4 t^^ S’^bUnds of their ohm^ are, and will continue to 
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be, the importance and singularity of the subjects, or the advan- 
tageous manner of treating them ; without pretending to answer 
for the certainty of the facts, or propriety of the reasonings, 
contained in the several papers so published, which must still 
rest on the credit or judgment of their respective authors. 

• It is likewise necessary on this occasion to remark, that it is 
an established rule of the Society, to which they will always 
adhere, never to give their opinion, as a Body, upon any sub- 
ject either of Nature or Art, that comes before them. And 
therefore the thanks, which are frequently proposed from the 
Chair, to be given to the authors of such papers as are read at 
their accustomed meetings, or to the persons through whose 
hands they received them, are to be considered in no other light 
than as a matter of civility, in return for the respect shewn to 
the Society by those communications. The like also is to be 
said with regard to the several projects, inventions, and curiosi- 
ties of various kinds, which are often exhibited to the Society; 
the authors whereof, or those who exhibit them, frequeiitiy 
take the liberty to report, and even to certify in the public 
news->paper^ that they have, met with the highest applause and 
approbatlQiiu And therefore it is hoped, that no regard-will 
hereafter be paid to siich. reports and public notices; which 
in, some instances have been too' lightly credited> to the disho- 
nour of tibe Socie^. 
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I. The Croonian Lecture. On the conversion of Pus into gra- 
nulations or new Flesh. By Sir Everard Home, Bart. 
V.P.R.S. 

Read November 5, 1818. 

As this Lecture was instituted with a view to discover the 
principle upon which muscular motion depends, which cannot 
well be done till we have acquired a more correct knowledge 
of the structure and mode of formation of muscles; I consi- 
dered that I was not greatly deviating from the direct path 
of this enquiry, in making the changes extravasated blood 
undergoes, preparatory to its being incorporated vsdth the 
muscular arid other stfuctures of a living body, the subject of 
my last year's Lecture. 

, The present Lecture may be considered as a continuation 
of the same subject, since it is my intention to examine the 
changes pu||undergoes in tjie foimation of gran^^ons or 
new flesh ; which will be found to correspond with those that 
were stated to take place in the blood, nearly, that the 
two flmds will be: admitted to possess the :same ipropertieSt 
and that the red bolour of the globules is the jaindpai 
'mdcccxix.' • ■' ■ ' ■, ; 
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characteristic mark of distinction between the one and the 
other. 

As pus, in its first formation, has the appearance of being 
a transparent flwd in which globules afterwards are formed, 
whether the transparent fluid remains on the sore, or is re- 
moved to any other surface, as was proved by experiments 
made in the year 1788, and since that time laid before the 
public in my work upon Ulcers ; in this respect, pus might be 
considered to differ from blood ; but the following observa- 
tions, made by Mr. Bauer, tend to prove that a similar for- 
mation of globules is met with in the serum of blood. I 
shall give the remarks in his own words : “ That the glo- 
bules in the blood are produced in the serum, I first observed 
in July 1817, when I examined a small portion of human 
blood on a glass plate, to ascertain the real shape and size of 
the globules. I then found in one square of the micrometer 
(which was the iSo,ooo part of a square inch) two of these 
glelWEles whidh were separated to a consadexable distance 
from the rest ; they were entirely disengaged from the ’co- 
louring substance, and lay in pure clear serum, which co- 
vered the whole surface of the square of the micronKiter. 
Ihmng placed fins pardoukr square immediately under the 
focus of the microscope, I attentively examined the globules 
for dbout ax ©r eight minutes, when I perceived two ex- 
tttmely nnaate c^iaque spots arising in the diear serum within 
ifee mme square of the micrometer, and wln(|j seemed iur 
Wihifiiqg' ha wze. In a few minutes longer, I perceived -five 
she opaque spots arising, and gradually in- 

ctvttqiaigy awd the stone form and appearance .as 

til® 'twa tnighial ; hut the rocastare irf the saiwn 
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into granulations or new Flesh. 

being nearly evaporated, I diluted it with water, when all 
the seven new globules, as well as the two original ones, 
floated in the water, and appeared of precisely the same 
shape and white colour ; and three of the new globules were 
of the same size as the original ones, but the rest were smaller. 
When left on the glass to dry, the globules remained of the 
same shape and size as they were whilst floating in the 
serum. 

“ The above experiment I have repeated a great many times 
with human blood, as well as with sheeps' and calves’ blood, 
and the results have been always the same. When warm 
and fresh blood was used, the serum covering the surface 
of a 160,000 part of a square inch, produced from six to 
twelve globules, but when the serum was diluted with water, 
the number of globules produced was less, and they were 
smaller in size. 

“ On the 1 ith of August, 1817 , 1 poured half a pint of warm 
sheep’s blood into a glass vessel, and left it forty-eight hours 
at rest to coagulate' ; I then poured olF the serum into another 
vessel, in which it remained at rest six hours ; with this se. 
rum, a glass tubg four inches long and three-eights in dia- 
meter inside was filled to overflowing, and closed with a 
good cork, and covered with a bladder. The serum was as 
clear as water; and although I examined it very attentively, I 
could not see more than fifteen or twenty globules in the 
whole extent of the tube. It was kept inverted in a glass 
f)f water. At the end of seven days, uppn holding the tube 
between my fingers, which were tolerably warm, and exaimn- 
ing it with a -double lens of considerable magnafying power, I 
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Sir Everard Home on the conversion of Pus 

saw some hundreds of globules rise from the bottom, and 
ascend in a straight line in the centre of the tube, and when 
arrived within about half an inch of the upper end, they 
spread in all directions, and descended close to the sides 
of the tube ; when near the bottom they re- ascended, but 
more rapidly than the first time, and when held longer in 
the warm hand, the rapidity of the motion was much in« 
creased. In two days more, I found upon examination the 
number of globules much greater ; and on the S5th of Sep- 
temW, i8i8, the number of the globules was such as to 
form a sediment at the bottom of the tube of half an inch in 
thickness, besides a strong coat on the inside of the tube,'* 

This experiment of Mr. Bauer’s on the serum, was re- 
peated by Mr. Faraday, at the Royal Institution, on hunnan 
blood, in a tube of larger dimensions, and the serum sus- 
pended on mercury : the result was exactly the same, the 
number of globules was increased in ten days in the same 
proportion as in Mr. Bauer’s experiment, and when the 
lower end of the tube was held in a warm hand, the same 
motion of the globules took place. 

These experiments in proof of colourless ^globules forming 
in the serum, make this resemblance between blood and pus 
greater than has been generally believed. 

At the conclusion of my former Lecture, I mentioned that 
pus, in its inspissation, has carbonic acid gas evolved, in the 
same manner as in the coagulation of the blood, and that 
r was thesrelbre led to the opinion, that this process was the 
first Step the formation of granulations ; but my ex- 

perimmte' Wvtog been made upon pus removed from the 
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into granulations or new Flesh. 

living body, they required being repeated upon the surfaces 
of sores, before their results could establish the opinion I had 
adopted. 

Before I attempted to trace the changes met with in pus 
upon the surface of a sore, my first object was to become 
more accurately acquainted with the appearance of the surface 
immediately under the newly secreted pus. That this surface 
might be examined under the most favourable circum- 
stances for such observation, 1 selected an ulcer upon the 
leg to which no application was made but straps of adhesive 
plaster, and these only changed once in the twenty-four hours; 
and that time was chosen for the examination, which was 
made by a double convex lens, magnifying about eight times. 
Previous to the adhesive straps being taken off, the leg was 
laid upon a low table, so as to be immediately under the eye, 
and in the position in which haemorrhage from the small 
vessels was least likely to take place, and obscure the surface 
of the sore. 

That the observations might be made with greater accu- 
racy, I requested Mr. John Griffith, one of the pupils of St. 
George’s Hospital, to look at the sores, as well as myself, 
upon every occasion on which they were examined, and no 
change is mentioned to have taken place that was not dis- 
tinctly seen by us both. A healthy sore thus examined had 
the following appearance .’ the surface was uneven, being 
made up of eminences and, follows* The eminences con- 
sisted of small clusters of , tortuous blood vessels, the hollows 
were filled with pus. After remaining exposed from five to 
ten mmuteSj th^ were distinctly seen to- 

take place : a vrery thm^ the vif hole isirtiace i 
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this was of so transparent a nature, that a number of small 
bubbles of gas were seen to make their appearance in dif- 
ferent places ; in a few minutes more, horizontal canals of 
difierent sizes, filled with red blood, taking different direc- 
tions, and anastomosing with one another, were seen to form. 
In some places, there were red points, the terminations of 
perpendicular canals, that had been stopped in their course, 
by coming against the pellicle. There were also occasional 
specks of extravasation, from some of the horizontal canals 
bursting through the pellicle,* 

The changes just mentioned seemed to occur in a regular 
order of succession. First, the pellicle was formed on the 
surface. Secondly, the bubbles of gas made their appearance. 
Thirdly, the canals carrying red blood were observed: 
these, while filled with carbonic acid gas, were not to be 
distinguished from the semi-transparent jelly which sur- 
rounded them. 

As it is difficult to describe appearances of this kind, and 
it is of importance that the fact of such appearances being 
met with, should be well established, I requested Mr. Bauer 
to make a drawing of a portion of the sore of which I have 
attempted a description, after it had been exposed for nearly 
sixteen minutes ; and on the following day he made a draw- 
ing of the same portion, showing the progress that had been 
made, and that the canals formed on the first day, had on the 
second become permanent tubes, and had been covered over 
by a cuticle. These two drawings are annexed. 

• u&der these circuiustaDces, the foot was put to the ground, so weak was the 
covering of the canals, that it instantljr gave way, and the sore was covered with 
blood. 
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into granulations or mw Flfish. 

It is so easy for any one to bring the faqts which I havq 
stated under his own observation, that I shall leave them to 
speak for themselves, but it may appear to ray audience, that 
farther evidence is required to establish the doctrine, that 
they are produced entirely by the coagulation of the pus, and 
the extrication of the carbonic acid gas. Tp remove every 
objection which it occurred to me could be made, I put the 
doctrine to the test of the following experiments. Immedi- 
ately after the exposure of the surface of the sore, I poured 
water at the temperature of 95“ upon it, which washed away 
all the pus and although the sore was left exposed in this 
state ten minutes longer, none of the above mentioned ap- 
pearances were producedj so that the presence of pus is ne- 
cessary to their taking place. 

As cold water has a power of coagulating pus more ra- 
pidly than simply exposure to the atmosphere, I applied 
water at the temperature of (S5®, to a sore, and all the ap- 
pearances were produced in so much greater a degree, that 
I requested Mr. Bauer would make a drawing of a portion 
of a spre that had been exposed for fifteen minutes under 
'common circumstances, and at the end of that period to, pom 
upon it watm* at the temperature of ^5% and, in ten minut^ 
more, begin a second drawing of the same surface, showing 
to how much greater an extent the appearances had ta^ 
|ds©e; by this means proving, that the degree of cpagulatkm 
was the great cause oC the effo^s tfet fpBowad. iPhese 
drawings are als© annexed* ; 

As a saturated sdlution of sal ammoniac has a gff^r 
■ power bf thao.^aiPf sttbstance/that,, I , 
j^uamted ^t|^ in the year tylg, ,1 
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recommended its mixture with pus as the best criterion by 
which pus might be detected and distinguished from other 
animal fluids,) I now determined to try what effect it would 
have with respect to the appearance of the granulations; 
for although in some respects it is not a fair trial, since the 
chemical combination of pus with this solution might destroy 
the natural properties of pus, and convert it into a com- 
pound of a very different kind, still that was by no means 
necessarily the case. 

Upon pouring a saturated solution of sal ammoniac at the 
temperature of 45° upon the surface of a sore, the pus almost 
immediately became curdled, and tortuous canals were every 
where seen in these masses of coagulum. There was great 
uniformity in the tortuous canals; they were of the same 
size, running first in a straight direction, terminating in a 
spiral turn and a half, the end of which was extremely small ; 
they were all filled with red blood. It was remarked that, 
although the' canals themselves were in greater number, there 
were fewer bubbles of gas than when the cold water had been 
used, more having been retained in the tubes. Some of the 
coagula of pus were more elevated than the general surface, 
and large canals filled with red blood were seen superficially 
passing over some of them, without any smaller ones in the 
immediate neighbourhood. To ascertain whether there was 
any vRscular basis with which these canals were connected, 
I passed a tolerably large crooked needle under one of 
them, bringing out the point on the opposite side, so that 
the canal WRS distinctly seen above the flat surface of the 
needle : I then Withdrew it, and there was not the slightest 
degree of extravasation of blood. This was repeated on 
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several different sores without any appearance of blood 
escaping, or the person having the slightest pain; affording 
a sufficient proof of the canals being formed in the coagu- 
lated pus immediately on its coagulation, before any other 
approximation to living animal solids had taken place. 

The readiness with which the blood displaces the carbonic 
acid gas contained in these canals, may be explained by the 
great disposition the blood has to absorb this particular gas, 
which forms so large a proportion of its component parts. 

I shall not take up the time of the Society with a farther 
detail of experiments, although many more were made, as 
the results were uniformly the same. 

If I have succeeded in establishing the object of this Lecture, 
which is, that the coagulated pus is rendered tubular by the 
extrication of its carbonic acid gas, and that these tubes or 
canals are immediately filled with red blood, and thus con- 
nected with the general circulation/ there will be little diffi- 
culty in making out the succeeding changes, by means of 
which ' the coagulated pus afterwards becomes organized ; 
since Mr. Bauer's drawings, laid before the Society last year, 
trace the thin covering of the canals in the coagulated blood 
to the thick arterial coats met with in the testicle after the 
coagulum had remained a month in that situation ; and it is 
the arteries which build up all the different structures in the 
body, as well in the restoration of parts,as in their o)d|rnal 
;Tpyraatipn,'\ 

^ 'thejiaii^herc;^^Mecutic>h ; of';lhis':'enquii|f , b^ldhgs " tb; the 
sci»e; of Shrgery ; but as the= expl^kti^iMich I have giv^ 
of' t^,.:proc^S jthp _ regojmtion; -of ;;psrf|i;1s,;.I ■ 



10 /S'/? l^yERA$.D'HoME c6mersion of Pus, &c. 

believ^, eirti^ely different from that which is generally re- 
c^ived; ! ham jb^n desirous tha^ ah account of that process 
shpul#, jp tlwi^st instance, be kid before the Royal Society. 

;:;DEa<i!jiirTibi^'''oF,R{jiTE I. V ' 

Tlv^ylews of a small of a superficial, sore on the 

■laij.,pl^:to;iits.edgei' ,naaimied'd-6;^diaraiete^^^ . 

; he appearan^^ been 

exposed by the remof^l pl' the dre^^sipg^^ iio minutes, 

'^visible at the 

time'/the;,:'iote"TO ,firstjixi^s6^i:-'xs\it w4'tGpvered with a 
thk core of pus; Th^,.^|>p^ produced are the 

rM points, which are ter- 
minatio^of pe^idicuMl^hak the, bubbles of car- 
bonic acid gas. The ^ is covered 

with a film of inspissated pus which is become cuticle. 

Fig. s. The appearance jhe same surface put on the sub- 
seouent dav-^Mttiftjiiimd;.;li>\m»-'.4ll^M'aEposure - for' the ■ same 

; process, particu- 









II. On the Tmxvs which regulate the Absorption of polarised^-light 
by Doubly Refracting Crystals. By David Brewster, LL. D. 

Lon ^ an / Rci}<i. In a Letter addressed to the Right 
lion. Sir Joseph Banks, Bart. G. C. B. 

Road November is, 1818. 

My Dfar SfR, 

In examining the polarising structure of acetate of copper, 
my attention was drawn to certain changes of colour which 
this crystal exhibited when exposed in different positions to 
polarised light. As this variation of colour was independent 
of the thickness of the plate, and of any analysis of the 
transmitted pencil, I had no hesitation in regarding it as a 
now affection of light, and in ascribing the phenomenon to the 
absorption of the homogeneous tints which formed the com- 
jKJund colour of the crystal. I therefore collected all the 
natural and artificial crystals which were characterized by 
any peculiarity of colour, and examined the various pheno- 
mena which they presented, when cut at different angles with 
the axis, and when exposed in different positions to a polarised 
ray. The results which I obtained during this investiga- 
tion were singular and unexpected, and I am persuaded will 
throw considerable light on that property of transparent 
bodies, by which they detail and as^ttiflate 

a portion of the raye which pen«t)rate mem, while the 
reai freely and ^jansmitted. As tip faculty of 

absorWklg fight is to the axes of double refbet^tt, J 
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shall first describe the phenomena which are presented by 
crystals with One axis, and then explain the modifications 
which these phenomena undergo when the number of axes 
is increased. 

Sect, I. On the absorption of polarised light by Crystals with 
One axis of double refraction. 

If we fasten upon one side of a rhomboid of colourless calca^ 
reous spar, a circular aperture of such a magnitude that the 
two images of it appear distinctly separated when viewed 
through the spar, we shall find, by exposing it perpendicu- 
larly to common light, that the two images arc perfectly 
colourless, and of the same intensity in every position of the 
rhomboid. Hence if Q be the quantity of transmit d light, 
we shall have the ordinary image O = I- Q, and the extra- 
ordinary image E = •§• Q. 

When the rhomboid is exposed to polarised light, the in- 
tensities of the images vary with the azimuthal angle {a) 
which the axis of the rhomboid forms with the plane of pri- 
mitive polarisation, and may be represented by the formulas 

OsssQ cos.* a\ EssQsin.* a. But sinceQcos.*a -1- Q 
we have O -f- E = Q ; that is, the sum of the intensities of 
the two pencils is in every position equal to the whole trans- 
mitted light, and therefore the rays which leave any one of 
the images by a change of azimuth, are neither reflected 
nor absorbed, but pass over into the other image. The or- 
dinary phenomena of double refraction, consequently, afford 
us conjecturing that the crystals which possess 

this inrident light in any other way than 

ie deke!^ all'oAd? Bodies, whether solid or fluid. 
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If we now take a rhomboid of certain specimens of yellow 
calcareous spar, and perform with it the experiments which 
have just been described, we shall obtain a series of en- 
tirely different results. The two images will now be found 
to differ both in colour and intensity, the extraordinary 
image having an orange yellow hue, while the colour of 
the ordinary image is a yellowish white. This difference 
of colour is distinctly related to the axis of the crystal, 
and increases with the inclination of the refracted ray to the 
short diagonal of the rhomb. It is a maximum in the 
equator, while along the axis the two images have exactly 
the same colour and intensity. In every position, however, 
the combined tints of the two images are exactly the same 
as the natural tint of the mineral. In comparing the inten- 
sities of the two images, the extraordinary one appears 
always the faintest, so that there is an interchange of rays ; 
and while the extraordinary force carries off several of the 
yellow rays from the ordinary image O, the ordinary force 
at the same time takes to itself several of the white rays from 
the extraordinary image E ; for if this were not the case, the 
extraordinary image would always have the greatest intensity, 
whereas^ in consequence of its exchanging yellow for white 
light, it becomes actually fainter than the ordinary image. 

If we call m and » the maximum number of rays which 
the extraordinary and the ordinary image interchange, and 
iyp) the inclination of the refracted ray to the axis, the iatensi- 
ifes mayJ he represfented by the followih^^ f^^ the 

:if3ilfel;ia':ex|K:«sed f^commoff light.' -O'lsi! sin.*^^*— ■ 

■ sin^f^^|ih4‘fe®ss' f TJhe vafuji&s ;,of 
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colours, and in some cases they are equal to nearly one half 
of the transmitted light. 

When the rhomboid is exposed to polarised light, a series 
of still more interesting phenomena is exhibited. In the 
position where O vanishes, E is an orange yellow^ exactly 
the same as it appeared by common light ; and in the position 
where E vanishes, O is a yellowish whiter as before. Now it 
is obvious, that in the first of these positions the image E 
was not strengthened by the white light of the vanished image 
O, otherwise the image E would have had the same colour 
as O -f- E, or the natural tint of the spar ; and that in the 
second position, the image O had not received the whole of 
the vanished image E, otherwise it would have had the tint 
expressed by O -f* E. It therefore necessarily follows, that a 
portion of the pencil O has been absorbed in the first position, 
and a portion of the pencil E in the second. The quantity of 
light absorbed is a maximum in the two positions where 
a is 0° and 90°, and is equal to the quantities m and «, which 
the two images interchange. At different angles with the 
axis, therefore, it is measured by sin.* cp m, sin.* (p n. When 
this angle is given, the absorbed light varies with the azi- 
muthal angle a, and may be found from the following for- 
mula, viz. T=0 cos,* a Esin.*a, which supposes that m 
and n are equal to E and O. Hence when a 0° T =s O, or 
the whole of j^e pencil E is absorbed. When a =; 45“, T 3= ^ 
O + fE, or one half of O and E is absorbed, and when 
4iss|jQp®, T=5E, or the whole of the pendl O is absorbed. W hen 
thy® crystal is viewed by a doubly refracting prism, 

the tiatsof .thfetlj^^^^cancilsP^ and Po will be given by the formu- 
lae Ptf -STS O cos,* a; 4 - B sin*. 4, and Po ca E cos.* a -f- O sin.* a. 
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The property which I have now described as belonging to 
Calcareous spar, I have found in other twelve crystals with 
One axis. The colour of the ordinary and extraordinary 
images, or of the absorbed pencils m and n, is shown in the 
following table. 

List of Absorbing Crystals uith One Axis, 


Names of Crystals. 

Colour when its axis is 
in the plane of primi- 
tive polarisation. 

Colour when its axis 
is perpendicular to 
that plane. 

Zircon 

Brownish white 

A deeper Brown 

Sapphire 

Yellowish green 

Blue 

Ruby 

Pale yellow 

Bright pink 

Emerald 

Yellowish green 

Bluish green 

Emerald 

Bluish green 

Yellowish green 

Beryl blue 

Bluish white 

Blue 

Beryl green 

Whitish 

Bluish green 

Beryl yell, green 
Rock crystal, al- 

Pale yellow 

Pale green 

most transparent 

Whitish 

Faint brown 

Rock crystal yell. 

Yellowish white 

Yellow 

Amethyst 

Blue 

Pink 

Amethyst 

Greyish white 

Ruby red 

Amethyst 

Reddish yellow 

Ruby red 

Tourmaline 

Greenish white 

Bluish gpreen 

Rubellite 

1 Reddish white 

Faint red 

Idocrase 

Yellow 

Green 

Mellite 

Yellow 

Bluish white 

Phosp. of lime (lilac) Bluish 

Reddish 


Yellowish green 

Phosphate of lead 

Bright green 

Orange yellow 

Cklcareous spar 

Orange yellow 

Yellowish white 
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The property which these crystals ix)ssess of absorbing the 
different tints in different positions of the axis, with regard to 
the plane of primitive polarisation, does not belong to every 
specimen. There are many crystals of ruby, sapphire, eme- 
rald, &c. which give an ordinary and an extraordinary image 
of the same colour ; and whenever this is the case, they are 
destitute of the property of absorbing polarised light. Those 
two classes of phenomena are indeed invariably connected, 
and will ultimately be found to have the same origin. 

The extreme generality of this property is indicated by the 
number of crystals in the preceding table, which embraces all 
the coloured crystals which are at present known to have only 
one axis of double refraction, excepting titaniiCy molybdate of 
leadf carbonate of iron and limey arseniate of copper, certain spe- 
cimens of sulphate of nickel, and super-acetate of copper and 
lime, in which I have not detected the property of absorbing 
polarised light.* 

The various coloured minerals which have the cube, the 
regular octohedron, and the rhotnboidal dodecahedron for 
their primitive form.-f are, as might have been expected, 
destitute of the property of absorption ; and I have not been 
able to discover it in differently coloured glasses, that have 
received the polarising structure from rapid cooling, or from 
mechanical compression, or dilatation. 

Some of the preceding crystals,'^such as the Sapphire and the 
Idocrase exhibit different colours when common light is trans- 
mitted in directions parallel and perpendicular to their axis 
of refraction. A specimen of sapphire had a deep 

Mue cKrection, and a yellowish green in the 

opposite directto’A^and several specimens of idocrase bad Sn 

• See the Pbil. Trans, for i8i8, p. an. f Id, p. *54. 
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orange yellow tint along their axis, and a yellowish green 
tint in a direction perpendicular to their axis. The exhibition 
of two colours in the same mineral by common light, was 
first seen in lolite, and the Abb6 Haiiy had the boldness to 
give it the name of DtchroUe from this property, on the 
presumption that nature had limited it to this mineral. This 
dichroism, as it may be called, which, so far as I know, has 
never been observed in any other minerals than iolite and 
mica, is a very common property of crystallized bodies, as 
will be seen from the following section. 


Sect. II. On the absorption of polarised light ly crystals with 
two axes of double refraction. 


The general phenomena of absorption in crystals with two 
axes, are nearly the same as those which have been described 
in the preceding section ; but the quantity of light which the 
ordinary and extraordinary farces interchange, is regulated 
by new laws depending on the situation of the incident ray 
with respect to the two axes of double refraction. 

If Oo and AB, a line perpendicular to it, are the two axes, 
and P,P', the resultant axes, or the poles of no-polarisation 


of Blue Topaz: then if COD, the 
plane of the resultant axes is per- 
pendicular to the plane of primitive 
polarisation, the polarised light in- 
cident on the plate at O will be blue 
after transmission. 'X'he blue tint 
preserves its intensity from 0 to A 
and B, the thickness of the plate 



being supposed to continue the same ; but as the incident ray 

MDCCCXIX. ‘D 
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passes from O to C and D, its intensity diminishes gradually, 
the light becoming more and more white with a slight tinge 
of red, till it reaches C and D, where it has the same colour as 
that of the topaz in common light. As the plate of topaz is 
turned round the polarised ray, the blue tint changes into 
white, according to the law given in the preceding section, 
excepting in the line CD, where the tint is invariably white in 
every azimuth. When the polarised light is transmitted 
along any of the resultant axes P, P', the two tints diverge 
from the poles in the form of a cross, as shown in the pre- 
ceding figure. 

The effect at O, or the interchange of the blue and white 
Ught between the ordinary and extraordinary rays, is related 
to the axis AB alone ; and in like manner the effect at A is 
related solely to the other axis O. But though the axi.s Oo 
is more powerful in topaz than AB, yet the values of m and n 
for each axis do not appear to be dilferent ; a result which 
might have been expected from the fact, that these lints in 
different crystals have no relation to the intensity of their 
polarising forces. The diminution of the tints m and «, in 
passing from O to C and D, is owing to the action of the other 
axis O. At the points C and D blue light alone will be 
transmitted when AB, considered as a separate axis, is per- 
pendicaular to the plane of primitive polarisation ; and at the 
same point white light alone will be transmitted when O con- 
si^red as a separate axis of the same character is similarly 
Hence it follows, that the transmitted light should 

interchanged portions 
hemg®Ubil state of equffibrium. 

The following table contains the tints tn and n in several 
crystais, in which the effect vdll be seen in every aiimuth. 
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List of absorbing Crystals with Two axes. 


Plane of the resultant 
axes ill the plane of 
prinx» polarisation* 


Plane of the resultant axes 
perpendicular to the plane 
of prim, polarisation. 


Topaz blue 

White 

Blue 

green 

White 

Green 

■ — - greyish blue 

Reddish grey 

Blue 

pink 

Pink 

White 

— — pink yellow 

Piok 

Yellow 

— yellow 

Yellowish white 

Orange 

Sulphate of barytes 

yellowish 

purple 

Lemon yellow 

Purple 

yellow 

Lemon yellow 

Yellowish white 

orange 

yellow 

Gamboge yellow 

Yellowish white 

Kyainte 

White 

Blue 

Dichroite 

Blue 

Yellowish white 

Cymophane 

Yellowish white 

Yellowish 

Epidole olive green 

Brown 

Sap green 

whitish gr. 

Pink white 

Yellowish white 

Mica 

Reddish brown 

Reddish white 


The following table shows the characters of m and » in 
crystals with two axes, which I have not been able to exa- 
mine in every azimuth. 

Aids of prism in the Axis of prism perpendicu-^ 

plane of primitire lar to the plane of primi* 

polarisation. tive polarisation. 

Mica Blood red Pale greenish yellow 

Acetate of copper Blue Oreeaish yellow 

Muttate of copper* Greenish white Blue 

Olivine Bluish green Greenish yellow 

Sphene Yellow Bluish 


The tint* art fivw dinsoiuljof itt r]ia|qRb4<HhMe‘ 



30 Dr. Brewster m the absorption of polarised light 


Nitrate of copper 

Axis of prism in the 
plane of primitive 
polarisation. 

Bluish white 

Axis of prism petpendicaUr 
to the plane of primitive 
polarisation. 

Blue 

Chromate of lead 

Orange 

Blood red 

Staurotide 

Brownish red 

Yellowish white 

Augite 

Blood red 

Bright green 

Anhydrite 

Bright pink 

Pale yellow 

Axinite 

Reddish white 

Yellowish white 

Diallage 

Brownish white 

White 

Sulphur 

Yellow 

Deeper yellow 

Sulphateof strontites Blue 

Bluish white 

cobalt 

Pink 

Brick red 

Olivine 

Brown 

Brownish white 


In the last eight crystals of the preceding table the tints 
are not given in relation to any fixed line. 

The following table contains the characters of tn and n in 
crystals, the number of whose axes I have not yet deter- 
mined. 

Phosphate of iron Fine blue* Bluish white 

Actinolite Green Greenish white 

Precious opal Yellow Lighter yellow 

Serpentine Dark green Lighter green 

Asbestos Greenish Yellowish 

Bluecarb. of copper Violet blue Greenish blue 

Octohedrite Whitish brovm Yellowish brown 

Several of the preceding crystals which have a laminated 
atrukl:^, such as mica, epidote,&c. or such as have an imper- 
fect a defective aggregation of their elemoa- 

tary ctystals, i^«i|aeWy exhibit their absorptive qualities, and 

♦ 1dm of ibe prim w&s ii» the plant of primitivt poltriittion* 
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also their system of coloured rings, by exposure to common 
light. The hght is, in these cases, analyzed in passing ob- 
liquely through the laminas, in the same manner as if it had 
been transmitted through a bundle of glass plates. 

I shall now conclude this section with a particular account 
of some very interesting phenomena exhibited by several 
crystals in the preceding tables. 

t. Super-acetate of copper. When a prism of this metallic 
salt is exposed to the solar rays, so that the plane of refrac- 
tion is perpendicular to the axis of the rhomboidal prism, and 
the ray passes through the angle of the rhomboid, which is 
70®, two distinct images of the sun will be observed ; and the 
one which has suffered the greatest refraction 'N'AlhQ greenish 
yellow^ while the other will be of a deep blue colour. Tliis 
separation of the two tints is more distinct in some prisms 
than in others, owing to the manner in which they are cut 
from the rhomboidal crystal, and in certain points of inci- 
dence the two images have the same tint. When a plate of 
super-acetate of copper is ground so thin as to be transpa- 
rent, it has a brilliant green colour, composed of blue and 
greenish yellow. If it is exposed to polarised light, so that 
the axis of the rhomboidal prism is in the plane of primitive 
polarisation, the greenish yellow light will be entirely absorbed, 
and the transmitted ray will be of a deep blue colour. By 
turning the plate round the polarised ray, the greenish yel- 
low rays will re-appear, and will gradually regain their 
former intensity ; while the blue rays will in the same pro- 
portion be absorbed, till after one-fourth of a revolution the 
tmtsmiite^ light will be wholly yellm. When the 

faces of rile plate are perpendicular to any of the two resul- 
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tant axes of the crystal, the blue*and -the greenish yellow 
light have the form of a cross, the branches of which diverge 
from the two poles of no-polarisation.' 

s. Augite. When a plate of yellowish brown augite was 
exposed vertically to common, light, the transmitted pencil 
had a moderate intensity ; when it was inclined to one side, in 
the plane of one of its neutral axes, the light became more 
and more intense as the obliquity increased, notwithstanding 
the increase of thickness in the direction of the ray. By exa« 
mining the light with a prism of calcareous spar, it was found 
to be all polarised in a plane perpendicular to the plane of 
inclination. When the plate was now inclined, from this last 
position in the opposite direction, the intensity of the light 
gradually dir^nished till the plate became absolutely imper- 
vious to the strong rays of the sun. The pencil which had 
formerly vanished when the light was analyzed by Iceland 
spar, now re-appeared, and gradually increased, becoming 
more and more green^ while the other pencil, which became 
fainter, grew more and more red, till at a very great obli- 
quity the one pencil became peifectly green, and the other a 
deep blood red. By exposure to strong polarised light, the 
red and the green were alternately absorbed, according to 
the position of the neutral axis with respect to the plane of 
prinfidve polarisation. 

. 2 . Dichroite or lolite. This curious mineral has been long 
known to exhibit by common light a deep blue colour along 
tlib akijs of the prism, and a faint yellow or grey colour ih a 
wr^ndicular to it. I have ascertained -that these 
tvVo’colWs^ tho^ of its ordiniary and extraordiitaty 
images ; an4 when seen by common light, that they are 
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related to its axes of double refraction. Dichroite has two 
axes of extraordinary refraction, the two resultant axes being 
inclined 62® 50' to each other, or 31° 35' to the axis of the 
prism. If we cut a plate of dichroite with four parallel faces, 
each of which is perpendicular to the resultant axes, and is 
inclined 31* 25' to the axis of the prism, and expose it either 
to common or to polarised light, so as to have the plane of 
its resultant axes perpendicular to the plane of primitive 
polarisation, we shall observe the branches of blue and white 
light diverging in a beautiful manner from its poles P, P'. 
(See the figure in p. 17, which is a very imperfect representa- 
tion of the phenomenon.) The white light becomes more blue 
from P and P' to O, and more yellow from P and P' to C and 
D. When the plane of the resultant axes is in the plane of 
primitive polarisation, the poles P, P’ are marked by spots of 
white light, but every where else the tint is a deep blue. In 
the plane CADE, the mineral when seen by common light 
is yellow mixed with a small quantity of blue, polarised in 
an opposite plane. From A and B towards P and P', the 
yellow image becomes fainter till it changes into blue, and 
the weak blue image is reinforced by other blue rays till the 
intensity of the two blqe images is nearly equal. The faint 
blue image increases in intensity as the incident ray ap- 
proaches from C and D to P and P', From P and P' to O 
one of the images is whitish, and the other deep blue, but the 
whiteness gradually diminishes towards O, where they are 
both equally blue,* 

4 

* Two crystals of Dichroite ■Which I directed to be cut so as to exhibit these phe- 
Bomena, are ih the cabinet of Thomas Allan, Esq. to whose friendship I have been 
indebted for several of tha minerals noticed in this paper. 
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4,. Epidote. The cross formed at the resultant axes of epi- 
dote has its diverging branches brown and sap green, and 
they are distinctly seen in common as well as in polarised 
light. The green shades into a pale greenish white as the 
ray recedes from P and P' to C and D, where it is no longer 
divisible into two differently coloured pencils. At O the two 
pencils are brown and green, and at A and B they are brown 
and a paler green. The dichroism of the epidote is distinctly 
marked in common Ught. Along the axis of the prism, and 
through two of its parallel faces, its colour is a deep orange, 
while through the other two parallel faces it is a yellowish 
green. 

5. Mica. A specimen of this mineral exhibits the branches 
diverging from P and P' exactly in the same manner, whether 
it is seen by common light, or exposed to a polarised ray with 
the plane of the resultant axes perpendicular to the plane of 
primitive polarisation. In these positions the branches PA, 
PB, &c. are a dark brown, and PC, PO, &c. a brownish 
white. When the plane of the resultant axes is in the plane 
of primitive polarisation, the colours of the branches are in- 
terchanged, The dichroism of mica is finely exhibited in 
some of its small and perfect crystals. In some of these its 
colour by common light is greenish yellow along the axis 
of the prism, and of a deep garnet colour when the light is 
transmitted through its faces. 

Anhydrite. This mineral exhiWts its dichroism by com- 
main Uj^t. When the light is transmitted in a direction 
parailel.to laminae, its colour is pink j but when it is in- 
cident in a"^jfe<i|cto,^ei;pendicular to the laminae, its colour 
is a palish yellow awghtly tinged with pink. 
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Sect. III. On the influence of heat in modifying the absorbent 

power of crystals. 

Having selected several crystals of Braailian topaz, which 
displayed no change of colour by exposure to polarised light, 
I found, that after bringing them to a red heat, or even boil- 
ing them in olive oil or in mercury, they experienced such a 
change in their structure, as to exhibit distinctly the power of 
absorbing polarised light. I next took a topaz, which had 
one of its two pencils yellow, and the other pink. By ex- 
posing it to a red heat, the heat acted more powerfully upon 
the extraordinary than upon the ordinary pencil, discharging 
the yellow colour entirely from the one, and producing but a 
slight change upon the pink colour of the other. 

In the formation of pink topazes by heat, it has always 
been supposed, that the yellow colour is actually changed 
into pink ; but this is quite a mistake, for the pink colour 
must previously exist in a state of combination with the yel- 
low, and must either form the colour or exist in the colour 
of one of the pencils produced by double refraction. The 
heat does no more than discharge one colour, and leave the 
other almost unimpaired. This result is of considerable 
practical importance to the jeweller, as it enables him to 
determine before hand, whether or not any topaz will receive 
a pink colour from heat ; for if this colour exists in one of 
its images, which will in general be seen by exposing it to a 
polarised ray, he may predict with certainty the success of 
his experiment. 

When a topkz possessing a pink tint has been taken 
MDCCCXIS^. E 
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from the fire, it is at first perfectly colourless, and acquires 
the pink colour gradually in the act of cooling. By ex- 
posing it repeatedly to the action of a very intense heat, I 
have never been able either to remove or to modify this per- 
manent tint. 

With the view of ascertaining if the absorbing structure 
could be induced by heat, I exposed to a white heat several 
crystals of yellowish calcareous spar. After the action of 
the fire had been continued for some time, a sort of opales- 
cence, or milky opacity, was induced ; and the light, whksli 
went to the formation of the ordinary image, was much 
redder than that which formed the extraordinary ray. This 
effect I naturally ascribed to some change hi the state of the 
carbonic acid j and upon continuing the action of the heat, 
and watching the process of decomposition, I found that 
when the carbonic acid was expelled from a film about the 
sooth part of an inch thick, its surface was covered with 
vesicles arranged in. straight lines parallel to the short diagonal 
of the rhomboid. These vesicles had, in general, an/ ellip- 
tical form, with a cut or opening in the direction of their 
transverse axis through which the gas had escaped. After 
the spar was taken from the fire, a great number of the 
vesicles burst with a noise similar to that which accompanies 
the bursting of the indusium of the fern, and carried off a 
portion of the thin calcareous pellicle. When this pellicle 
^1^5} removed, the subjacent surface was covered with a series 
of parallel grooves inclined about ao® to the 

short' diagonal. In repeating this experiment, and seizing 
the proper withdrawing the spar from the fire, I 
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have never failed to observe the fact of the arrangement 
and bursting of the vesicles, and I have no hesitation in con- 
cluding, that the carbonic acid is arranged in planes passing 
through. the axis, of the crystal, a result which I had for- 
merly assumed in explaining the phenomena of double re- 
fraction. This method of studying the structure of bodies by 
watching them in the process of disintegration, may be foun'd 
to have a very extensive application in dhemical and minfej* 
ralogical enquiries. 

The observations contained in the preceding pages, indicate 
in a manner by no means equivocal, that the colouring par- 
ticles of crystals, instead of being indiscriminately dispersed 
throughout their mass, have an arrangement related to the 
ordinary and extraordinary forces which they exert upon light. 
In some specimens the extraordinary mediuni is tinged with 
the same colouring particles, and with the same number of 
them as the ordinary medium ; but in other specimens of the 
same mineral, the extraordinary medium is either tinged with 
a different number of particles of the same colour, or with a 
colouring matter entirely different from that of the ordinary 
medium. In certain specimens of topaz, the colouring matter 
of the one medium is more easily discharged than that of the* 
other ; and in two specimens of emerald^ the colouring matter 
which tinges the ordinary medium in the one, tinges the ex- 
traordinary medium in the other, and vmvma, 

,AU those crystals in w:hich the colouring nif.t|er of the one 
mediitim differs either in character or intensity, possess the 
prbp^i^ c>f nbfdrWpg the according to the laws 



s8 Dr. Brewster on the absorption of polarised lights &c, 

already mentioned, but there is also reason to believe, that 
polarised light suffers the same kind of absorption in those 
crystals whose two images have the same tint, and even in 
those which are perfectly colourless. 


I have the honour to be, &c. 


Edinburgh, Oet. tyth, iSiS. 


DAVID BREWSTER 

# 


To the Right Hon. Sir Joseph Banks, iSart. G. C, B. &c. See, Sec, 
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III. Observations sur la decomposition de I'amidon d la tempera- 
ture atmospherique par 1 ’ action de V air et de Veati. Par Theo- 
dore de Saussure, Professeurde Mineralogie dans V Academe 
de GenHe, Correspondant de rinstitut Royal de France^ &c. 
Communicated by Alexander Marcet, M. D, F. R. S. 

Read December 17th, 1818. 

§ I. L’examen des changements que ies substances v^g^- 
tales subissent en agissant les unes sur les autres, et par Icur 
exposition a. Taction de Tair et de Teau, est le plus sur moyeit 
d'expliquer plusieurs effets de la vegetation ; s’il ne conduit 
pas a. ce but, il donne lieu a des experiences importantes pour 
la theorie de la fermentation. 

L'amidon n*a presque pas ete examine sous ce rapport, ou 
du itioins il ne Ta ete que par des observations insuflBsarttes 
et iridirectes ; je rappellerai celles qui me sont connues. 

Lorsqu'on eut trouve que les graines cereales formoient 
du sucre en germant, et que cette production n’avoit pas lieu 
en meme temps a la temperature atmospherique, dans des 
graines privees du contact du gaz oxigene, et impregnees 
d'eau,* on fut conduit ^ admettre que ce gaz qui disparoit 
dans la gerniination pour former de Tacide carbonique aVite 
le carbone de la semehce, etoit le principal' agent'b du la 
conversion de la matiere fariheuse en sucre, saps a vbif ce- 
pettiant aUcune preuve directe de cette theoiiei d^ailleurs, 

* Spn^exper^, and oleonr. on the natureof sugar by W. CauiKSHAKK$. 
i Ibid, and rd^ubemistty, Ts, Tromson. 
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I’observation que les graincs ct‘n£;ales ne fi)rnic»t point dc* 
sucre avec I’eau sans le contact do I’air, n’avoit 6tC‘ fondce 
que sur leur saveur, ou sur un appcrqu trop vague pour qu’il 
put ^tre admis sans un examcn ultericur. 

M. Vogel a recherche I’influence de la chaleur sur I'amidon 
ni6le d'eau, en le soumettant a rebullition avcc cc liquide 
pendant quatre jours de suite. I^e melange est devenu tr6s 
fluide, il a transmis par la filtration un liquide qui aprds avoir 
ete ^vapor^ a pr6senl6 un mucilage 6pais ct aracr qui n’avoit 
pas le moindre gout sucr6. L’amidon rest6 sur Ic filtre r6~ 
sistoit a I’action de I'eau bouillante, et pr^sentoit une masse 
comde trds dure.’'^ 

On n'ignore pas que M. Kirchofp a d^couvert dans ces 
derniers temps qu’en ajoutant du gluten sec pulv6ris6 a une 
double quantity d’amidon reduit h V6tat d'empois, et qu'en 
les faisaiit dig6rer pendant dix ou douze Iteures a une tem- 
perature de 40° ^ 60° R, celui-ci se convcrtit en partic eii 
sucre.f Ce r^sultat trds intdrcssant, raais dont les circon- 
stances n’ont pas 6t6 suffisamment d^termindes, a conduit ce 
chimiste k admettre que la conversion de I'amidon on sucre 
dans la germination, s’op^re uniquement par le gluten, et a 
exclure Texplication de ceux qui, avant ses observations, 
avoient attriby6 ce changeraent i Ilnfluence du gaz oxigfine 
sur la matidre farineuse. M. Kirchoef appuye sa refutation 
en avanfant que I'amidon seul, plac6 dans dies drconstances 
favorables a la germination, ne forme point de sucre. 

experiences que je vais d6crire prouvent cependantque 
1 empds d'amidon seul et abandonne k lui-mdme forme au 

» Aaijalffl Ac Chjtei*, Ti Ss. 

t Bntiagezarchemietindphjrsiq. vomScHWKiGKii, 14 Band. 
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bout d'un certain temps une quantity consid6rable de sucre 
crystallisable et qui a beaucoup de rapport avec celui que ce 
cbimiste a obtenu par I’acide sulfurique. Cette d6composi- 
lion spontan^e de I’amidon mdlc d'eau fournit encore d’autres 
produits, et en particulier une esp^ce de gomme et une raa- 
ti^re interm6diaire entre celle-ci et Tamidon. Leur propor- 
tion varie suivant plusieurs circohstances qu'il est trds difficile 
de d^erminer. Pour indiquer I’ordre de mes recherches et 
le procddd de mes analyses, j’exposerai en detail la premiere 
' que j’ai faite ^ ce sujet. C'est celle dans laquelle la decom- 
position de I’amidon a 6t6 la plus avancde, quoique ce ne soit 
pas I’opdration qui m’ait foumi la plus grande quantiti^ de 
sum. 

§ If. J'ai plac6 de I’empois form^ avec vingt grammes 
d’amidon,* et douze fois son poids d’eau distiI16e bouillahte 
dans un vase cyllndrique oii le melange offroit une grande 
surface i Pair, et formoil line couche de deux centimfitres 
d’6paisseur. Ce vase recouvert d'un grand recipient sous le 
quel l’air ext^rieur pdnetroit facilement, a dtd laissd en repos 
pendant deux ans dans un lieu oil la temperature s’eievoit en 

• L’atnidon employe ^ cette experience ftoit de I’^midon de frornent, pris dans le 
coraiaeris sous le notn d'amidon de premise quality. On n*en pouvoit pas s^patUf 
une quantum notable de gluten t car aprSs avoir ibis cet amidon en maoeratlcih pen- 
dant dix jours avec crente fi»s son poids de vinaigre distille, il a fourni par la iiitra- 
tiort une liqueur qui etant (Svapor^e a laisse un r€sidu acide, mol, dont le poids n’^^h 
que la quatre millifeme partle de I’amidon employ^; etcerisidu relehoit un peii 'i’eau, 
1« liincikge <iu vinaigre, et environ la slxiSmfe de soni poids d’acide ttidllque* i,*edtt 
finill^ise en maodtation pendant vingt qwtre heures sur :cet anpidon* bd lui en- 
ler|»t«|«s:^i(i, quai|tit€ sensible de son poids. looparties de cet amidon sdchdil 
i8? R. peidi^ent par le dessdcbeibent | la temperstture de I’eau bouillartte 13,66 oe 
Iwr poids, ’ eXpSJleftd« teee ifcS amldona pris dans cbffereats litegd-' 

sins i ^Usm’Qnt ionsfonltd ttiMoii^'i'cepx.queJe dlct^: 
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6t6jusqu'sl i8°R. Lorsqu’a cettc <Spoque, l<i infilangc 
retire, il a pr6sente une pate grisc, liquidc, couvcrtc do mols- 
sissure, et presque sans odeur ; cUo nc changcoit alors, ni dans 
aucune epoque ant^rieurc de son alteration, ni aj)r6s avoir 
ixi d^lay^e et filtr^e, les couleurs v6g6tales employees com- 
me r6actifs ; elle ne pouvoit plus faire les fonctions de colic, 
Le poids de I’amidon avant son alteration ^toit beaucoup plus 
grand que celui de cet amidon alter6 ; le premier 4 toit au 
second comme loo: 76,3, apr^s leur dess^chcmcnt a la tem- 
perature atmosph6rique, et comme 1 00 : 180,46, aprds leur 
dessechement a la temp<irature de I'eau bouillante. 

§ III. La pite dont je viens de parler a mise en mace- 
ration pendant vingt quatre heures avec une quantity d'eau 
froide ^ peu prfes 6gale k vingt fois le poids de I'amidon con- 
sid6r6 dans l'6tat sec, puis jet6e sur un filtrc de papier, et lavi?e 
avec une nouvelle dosede liquide; elle a fourniuno liqueur trans- 
parente, d’un jaune pale, qui a laiss6 apres son dossdchcment 
un extrait un peu mol,et dont le poids 6toit 6gal k la ^eme soit 
en\iron k la moid6 de celui de Vamidon qui avoit formi Tem- 
pois. Cet extrait a €t6 dissous dans une fois son poids d’eau, 
puis m 616 avec dix fois son poids d’esprit de vin a 35® de 
rar6om^tre de Baume': il a dissout le sucre en precipitant 
I’esp^ce de gomme que je ddcris dans la note A il la fin de 
ce mdmoire. Cette gomme retenoit alors un peu de sucre et 
d’un produit interraddiaire entre la gomme et I'amidon ; on I’a 
purjfiee en la traitant par I'alcool comme I’extrait pricident, 
efttk^dissolvant ensuite dans I’eau, et en la filtrant. Le poids 
de cattfe gomme dess^chde, transparente, et soluble dans I’eau 
froide en tdit^eijproportionj^toit 6gal k deux grammes, quit la 
dixi^me de I'amidon mis en experience. 



33 


decomposition de 1 ‘amidon, &c. 

§ IV. Les dissolutions alcooliques ^vapor^es d’abord k un 
feu doux et ensuite a la temperature atmospherique ont com- 
mence par presenter un residu sucr€, transparent, en consist- 
ance de raiel, qui retenoit encore un peu de gomme que j’ai 
comprise dans le produit precedent ; elle a 6 te separ^e par 
une nouvelle dissolution dans Teau, et la precipitation par 
f^alcool. II s'est forme au bout de peu de jours dans le 
residu de I’^vaporation de la liqueur alcoolique, des crystaux 
le plus souvent r 6 unis en groupes sph 6 riques, h€riss 6 s de 
lames transparentes ; ils pr^sentoient au microscope lorsqu'ils 
etoient isol 6 s, des lames quarries et des cubes. Bientot ce 
residu s’est presque enti^rement cbnverti en une masse opaque 
de sucre concret, Jaunatre, dou 4 de I'odeur propre a la cas- 
sonade ; il est rest 6 long-temps gluant par son melange avec 
un syrop plus difficile a crystalliser ; mais par une longue 
exposition a Tair, le tout a paru sec et homog^ne. Son poids 
6toit^gal a la o,576me» soit a plus du tiers del’amidon employ! 
pour cette experience. 

Ce sucre que je n’ai pas d!ix)uill 6 de son principe colorant 
passe a la fermentation alcoolique avec une tres petite quantit! 
de, leyure ; si elle !toit trop abondante ou si elle montoit k 
idrae du sucre, ce mode de decomposition n’auroit point lieu. 

100 parties d'alcool absolu bouillant en dissolvent 5 ou 6 
parties. L’alcool a; 35® Baume' en dissout |6me de son poids i 
une temperature de so®R. si le sucre est dans retat sec ou 
enderenmnt concr^fie, car s 'il, itoit un peu visqueux: par son 
mllange avec une rdati^ce plus dilfScile ^ cry^lpseri bet alcool 
en disS<^roit une plus grande quantlt!. 

Ge M l^p^riUure de I'eau bouilla^ 

il a perdu o»07 Ct la Af eon 

"mDCCCXIX.' '■ .-F'.."-; , 
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poids. Comme ses principales propri6t6«5 convicnncnt au sucrr 
d’amidon prepare par I'acide sulfurique, il cst tres probable 
que ces deux substances sont identiques. 

§ V. Aprbs avoir extrait par I'eau froide, les produifs gom- 
ineux et sucr6s contenus dans le rcsidu de la decomposition 
de Tamidon, je I'ai soumis deux fois pendant une ou deux 
minutes I Tebullition avec une quantity d'eau figale ^ celle 
qui avoit etd employee dans Toperation precddente. Les 
decoctions filtrees aprfes leur refroidissement ont fourni par 
revaporation si siccite, un residu fragile, jaune, k demi-trans- 
parent ; son poids etoit dgal k la septidrae partie dc I’araidon 
employe. Cette .substance sur laquelle je reviens plus en 
detail dans la note B lla fin de ce meinoire, a des propridtes 
intermediaires entre le principe gommeux precedent et I’ami- 
don ; elle se dissout en petite quantite dans Teau froid, et en 
toute proportion dans Teau bouillante, en forin.»nt avec Tunc 
et I'autre, des dissolutions transparentes, non gei.uinousos, et 
qui se filtrent facileraent au travers du papier. J’ai donne ici, 
pour eviter les periphrases, le nom dc amidine k ce produit, 
soit aux modifications de I’amidon dans lesquelles il acquiert 
la propriete de se dissoudre dans I'eau froide, en conservant 
la faculte de colorer en bleu la solution aqueuse de iode. 

§ VI. La pate qui est restee sur le filtre apr^s I’action de 
I'eau bouillante, sur I'empois alt^r6, pouvoit d^s lors faire les 
fonctions de colle ; elle 6toit presque noire, et dans l'6tat sec 
spon poids etoit ^gal a la sixiSme partie de Tamidon mis en 
ei|6tjence. L’6ther ou I'alcool absolu mis en digestion sur 
cet6sid%y a dissout en partie une mati^re colorante, brune, 
qui en pl^elplt^e par I'eau. Cette mati^re colorante des- 
s6ch€e s'est prtot^e sous I'apparence d'une huile ou d'uno 
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T6sine ^paisse et visqueuse, mais trop peu abondante pour que 
j’aie pu la mieux examiner. Elle n'6quivaloit qu' a trois 
milli^mes de Tamidon employe. 

§ VII. On sait qu’ une partie d'amidon se dissout en peu 
de minutes k I’aide d’une douce chaleur, et sarjs decomposition 
apparente, dans quarante fois son poids d’acide sulfurique 
deiaye ou compose d’une partie d’acide sur douze d’eau: 
mais cette liqueur soumise k I’ebullition dans les memes pro- 
portions avec le residu amilace pulverise, sur lequel I’eau 
bouillante et I’alcool n’avoient plus d ’action, n'en a pu dis- 
soudre que la o,35e partie, soit environ le tiers. La partie 
dissoute qu’on pouvoit precipiter en partie par I'alcool,* etoit 
de I’amidon non decompose mdie d'une petite quantite 
d'amidine. 

§ VIII. La matiere insoluble par I’acide sulfurique deiaye 
se montroit aprds son dessechement, sous I'apparence de 
grumeaux opaques, trSs fragiles ; ils se sont dissous facile- 
ment (sauf un petit residu compose de ligneux et de charbon) 

^ L’amidon forme avec Pacide sulfurique une combinaison qui crystallise en 
aiguilles transpvr^ites, prisrnatiques, tr^s fines ou trcs allongces. Pour obtenir ce 
produrtj on piedpite par de Palcool la dissolution d’amidon dans Pacide sulfurique 
dilaye, on lave avec de I’alcool le precipite^ qui est un melange d’eau> d’acide sulfu* 
rique, d’amidon pur et de la susdite combinmson : elle se dissout en partie par une 
petite quantite d’eau froide* Cette dissolution filtrie fournit par une evaporation 
ente et spontan£e les crystaux dont j’ai parl^j qui sont melis avec de I’acide sulfiirique 
libre^ qu’on enleve par leur lavage avec de I’alcool. Cea crystaux sont en partie 
decomposes par I’eau qui en precipite de I’amidon ; mais en filtrant k dissolurion 
aqueuse^ en evaporant> et en enlevant avec de I’alcoob I’acide sulfurique mis nud» 
on obtient de nouveau la combinaison ou s^che et crystallia^e d’acide sulfurique ct 
d’amidon* Ce dernier aussi precipit^ de cette combinaison par l’eau» a subi une 
degere altiSration^ Car il ne pent precipiter qu’en rouge de vtn la solution aqueui 
Viode. 
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a Taide d'une douce chaleur, dans dix fois lour poids d'unc 
lessive de potasse qui contenoit un douzi^mc dc cot alcali ; 
Is ont forme ainsi une solution brune, tr^s liquide, qui n’avoit 
point la consistance visqueuse et g61atineuse propre aux solu- 
tions alcalines d'amidon, et ils en etoient pr^cipit^s par I’acidc 
sulfurique d^lay^, sous la forme d’une poudre combustible, 
jaune, l%^re, qui aprfes son dess^chement ofFroit uuc masse 
noire, brillante semblable ^ du jayet. Cette dernidre dclayce 
dans Teau, coloroit encore en bleu la solution aqueuse de iodc. 

La substance v6g^tale dont cette matifere amilac^e insoluble 
a chaud par I'acide sulfurique d61ay^, sc rapproche le plus, est 
le ligneux ou le bois : elle en diffilre cependant en ce qu'elle 
est soluble dans dea lessives de potasse plus ctendues qiie 
celles qui peuvent dissoudre cc dernier, et en cc qu’elle colore 
en bleu la solution aqueuse d’iode. Je d^signerai cettc raati^re 
sous le nom de ligneux amilack. 

§ IX. Le charbon de ligneux que la lessive alcaline 
pr^eddente n’a pu dissoudre 6quivaloit ^ ■j%drae dc ramidon 
employs. Ils n’ont laiss6 apr^s leur combustion, qu’une 
tris petite quantity de cendres. 

I X. Pour reconnoitre le genre d'alt^ration que Pair avoit 
%>rouv£ pendant la formation de tons les produits pr6c6dents, 
j’ai «Kp084 sous des recipients pleins d’air et fermds par d«» 
merenre, de Pempois recent d*amidon, et diautre part, de 
Pempois I diff^rentes 4poques de son alteration par Paction 
mt^ideaire de Pair. Dans toutes ces experiences, le iroluiM 
renferto6 dans les recipients n'a subi atjcmn chatigt- 
ibCtf oxig^ne en a €t€ en partie ditruit, mais il a 

ren^planfi yqlpme 6gal de gaz adde carboniqne, 

L’alt^ration que Pamidon a fait subir ainsi I Pair ne s'test 
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op6r6e que lentement ; dans le cas oii elle 6toit la plus rapide, 
et ot j’ai employ^ de I’empois recent, quinze grammes de 
cette substance contenant -jJ^^me d’amidon n'ont form^ sous 
line grande surface^ pendant deux mois a environ 18“ R. 
que dnquante centimetres cubes de gaz acide carbonique dans 
tin d^cirabtre cube d'air. La mdrae quantity d’empois aprds 
deux ans d’exposition a Tair libre, produisoit dans une expe- 
rience semblable, un volume de gaz acide 6gal au quart du 
precedent. Ces experiences montrent que I'influence du gaz 
oxigene sur I’amidon se borne ^ lui enlever du carbone. J'ai 
vu de plus, en mdme temps, que la perte de poids que Tamidon 
altere eprouveapr^s son dessfechement est beaucoup plus 
grande que celle qui resulte de la soustraction de ce carbone. 
On petit en conclure que I’amidon en s’alterant ^ I’air, perd 
sous forme d’eau une grande proportion de son oxigene et de 
son hydrogene. Le carbone enleve k Fainid on par Fair etoit 
k Feau qui se formoit en rapine temps dans le rapport de 1 : 74, 
pendant les deux premiers mois de Falteration. 

§ XI. La colle d’amidon laissee en repos k Fair libre se 
couvre de moisissure, et il etoit possible que les resultats que 
j’ai obtenus fussent FelFet de cette vegetation ; j’ai erapSche 
son developpement, soit en agitant Fempois tous les jours, 
soit en le pla^ant dans de grandes jares fermees, pleines d'air, 
qui avoit ete exposees ^ la temperature de Feau bouillantc, 
immediatement avant Fintroduction de Faitridon, et je n'eit ai 
pas liioins obtenu tous les produits dont j’ai parie pretedcfti* 

• Lonsque I’empois a’offre pas une grande surface cl Pair# il d(g»ge du gaa acide 
car1>oniqtae i la iformation duquel cet air n’a aucune part, et alors on n’observe plus 
d’^g]tl3!i^ datte les irotCOaes du gaa Ojitgine comsii et du gaz acide carbomque 
pordoit. 
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ment, savoir, du sucre, dc la gomme, cle Tamidine, une sub- 
stance d'apparence huileuse, une mari^rc ligneusc, dc I’cau, 
du charbon, et enfin du gaz acide carbonique dont roxigbnc 
appartient a I’air annblant. 

§ XII. En r6p6tant les experiences prec6dcntcs, soit avec 
de I’amidon de froment, soit avcc celui dc pomtne de terre, 
dans difFerentes circonstances, et toujours avec le contact de 
I’air, j’ai obtenu les monies produits ; leur proportions scules 
ont varie. Elies m'ont paru indiquer, 1“ qu’il sc formoit 
moins d'eau lorsque I’empois ofFroit moins de surface k I'air ; 

qu’une temperature un peu plus 6lev6e que celle qui avoit 
6t6 employ6e dans ma premiere exp6rience favorisoit beau- 
coup la production du sucre ; 3® que tout celui qui s'6toit pro- 
duit dans cette epreuve n’avoit pas 6t6 recueilli parcc qu'il 
s*6toit d6truit par une fermentation trop prolong6e. 

§ XIII. Pour determiner d'une mani(^re precise si I'empois 
d’amidon se decompose sarTs le contact de Pair en formant 
du sucre, j'ai rempli.a la reserve de 8 cemiindtrcs cubes, une 
bouteille avec 300 centim. cubes d’empois, § II; II a prfi- 
par6 dans ce vase qui a 6t6 bouch6 et mastiqui avcc du ciment 
pendant que I’eau 6toit chaude, pour expulser Pair contenu 
dans le petit espace d6sign6 plus haut. Cette bouteille a 6t6 
plac6e en €t€ dans une chambre ob la temperature s'est main- 
tenue entre le i8* et le ao® R. 

J*ai expose en contact avec Pair dans un vase ouvert, tr^s 
evase, at c6te du precedent, du mfime empois qui a ete agite 
tous les jours avec une spatule, et auquel on a ajoute succes* 
i^^dbent de Peau distiliee pour remplacer celle qui s^evaporoit, 
li ne? sy ^ point forme de moisissure, et il eat devenu en peu 
de temps tout I fait liquide. 
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Au bout de 38 jours, j’ai analyst I’empois alt6r6, contenu 
dans les deux vases. II avoit perdu I’odeur propre a I’amidoii 
recent, et n’en avoit point contract6 de bien marqu6e. II 
s’etoit d6gag6 dans la bouteille fermee un air condens6 qu^ 
s'est 6chapp6 a son ouverture avec une sorte d'explosion, et 
que j'ai t»’ouv6 p n' dc' experiences subs6quentes ^tre du gaz 
acide carbonique in 616 de gaz hydrog^ne. 

Apr6s avoir reduit par I’agitation les deux empois en une 
consistance uniforme, et les avoir pes^s, j’en ai s6pare une 
partie d6termin6e pour la s^cheret juger ainsi du changement 
de poids que I'amidon avoit subi. Ils m’ont fourni des r6sul- 
tats tr§s difiT^rents. 

L’amidon avoit diminu6 de poids par la fermentation avec le 
contact de I’air dans le rapport de 100.83 avec des dess^che- 
ments op6r6-> ^ ia temperature de Teau bouillante. 

L’amidun al’6ie sans le contact de I’air n'avoit subi, aprds 
son des Vehement au meme degr6, aucune diminution de 
poids ; il paroissoit m 4 me avoir augmente de 5.^eme. Cette 
augmentation se confond avec les erreurs d’observation ; mais 
si I’on consid^re que pendant la fermentation, il a form6 du 
gaz acide carbonique dunt je n’ai pas tenu compte, et qu’il 
a diminu6 de poids, en se d6composant et en produisant de 
I’eau pendant un dess^chement* qui a dur€ deux ou trois 


^ Les dessechements avant ct apres la fermentation, ne sont pas faits dans des cir- 
constances egales. Le premier s'op^re sur une matiere d^ja seche en apparence et 
inalterable ^ l*air par Tcau qu’elle ricele. Le second est fair sur une substance r^- 
duite en pate et tres alterable i Tair dans Peau qui Tenvironne, J^ai prepare de 
i*empois avec lOo parties d'amidon seche i So* R»s cette pAte rdduite par I’evapora^ 
tion i Vitat sec sous la tcmp^rat^^e pr^c6dente, n^a repre^ente par son poids que 
98,5 parties d^amxdon. Ce r^sultat indique qu^une substance analogue, dont le poids 
dans l*etat sec ne se scroit point trouve change apres un pareil traitcmcnt^ auroit 
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blables, c’est-a-dire k une tcmperat. do iB ' a ao" K. : J’ai 
mastiqu6 seulement a la boutcillo ou sc inisoit la Icnnoiita- 
tion sans le contact de I’air, un tube recourbt' pour rocuoillir 
sur le mercure le gaz qui se ddgagooit. go graninios dc 
cet amidon reduit a I’etat d'enipois avcc 360 grammes 
d’eau, ont d6gage, dans 42 jours, 2C) contimet. cubes de fiuide 
aeriforme qui 6toit compose en volume dc 80 parties de gaz 
hydrog^ne presque pur ( voycz la note D, a la fm de ce mc- 
moire),et de i6' parties de gaz acule carbonique. Quoique ce 
dernier paroisse le raoins abundant, il n’est pas douteux 
qu’il n’ait 6te produit en quantit6 environ quatre fois plus 
* grande que le gaz hydrog^ne, parce que le volume du liquidc 
qui 6toit presque quatre fois plus grand que le gaz d%ag6, a 
retenu le gaz acide carbonique dont jc n'ai pas tenu compte-, 
et a 6mis au contraire presque tout le gaz hydrogene. 

Par la fermentation en contact avcc Fair, I'amidon do |)omme 
de terre a diminu6 de poids en raison de 100 : 77,7 avec dcs 
dessMiements a la temperature atmospherique, ct en raison 
de 100 ; 85 , g par d,es dess^chements k la temperature do 
Feau bouillante. 

Le poids de Faraidon alt6r6 sans le contact de Fair, avec 
des dessechements a la temperature de Feau bouillante, etoit 
pr^cisement 6gal au poids du m6me amidon avant sa fer- 
mentation, en ne tenant pas compte de la perte de poids qu'il 
a subie par le d^gagement du gaz acide carbonique, ni de 
celle qu’il a eprouv^e apres cette fermentation par sa decom- 
position au contact de Fair pendant le dessechement. L’ami- 
do|i a^paru avoir diminu6 de poids dans le rapport de 100 : 94 
avec 4 es 4 eai!^cl^euts k 18® R, ; raais ce changement 
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du qu’a la difFerente faculte hygrometrique de cette substance 
avant et apres son alteration. Dans ce dernier 6tat, loo 
d’amidon perdoient io,6 d’eau a 8o° R. tandis que cette perte 
mantoit a 16,41 avant la fermentation. 

100 d'amidon de pomme de terre seche a 18' R. ont laiss6 
par la fermentation spontanee pendant 43 heures, sans le con- 
tact de Fair, un r6sidu qui a fourni apr^s son dessdchement 


a la raeme temperature, 

Sucre - - - 35,4. 

Gomrae _ - - 17,5. 

Amidine - - - 18,7 

Ligneux amilace - - 7 

Ligneux m 616 de charbon 

quantite imponderable. - - - 
Amidon non decompose - 9,4, 

isT 

Perte dans Tanalyse 6. 


94 - 

100 d’amidon de pomme de terre ont fourni par leur fer- 
mentation avec le contact de Fair, et dans des circonstances 
d’ailleurs egales. 


Sucre - . - 

304- 

Gomme - - 

17, a. 

Amidine , - ■“ 

* 7 - 

Ligneux aimilace • - 

4 » 4 ' 

ligneux m4ie de charbon - ■ 


Amidon non decompose 

m- 


78,5. 


3Les prinbi^to r6sui’ttts quc je d4duis de c«s expcrto^fes 
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sont ; 1 *, que I’air n’a aucuno innuence sur la formation <lu 
sucre dans la decomposition spontance dc Famidoii ; o'®, ({ue la 
fermentation sans le contact de Fair dilii^re de cello qiii s'opferc 
avec ce contact, en ce que dans cette derni 6 re, Fainidon pcrd 
sous forme d’eau une grande proportion de son oxig^ne ot 
de son hydrogfene ; tandis que dans la fermentation sans le 
contact de Fair, Famidon bicn loin de pordre dc Fcau paroit 
s'approprier au contraire une petite quanlitc des elements de 
ce liquide.^ 

§ XIV. Pour comparer la fermentation spontance de 
Famidon avec le proc^d 6 par lequel M. Kirciioff a produit du 
sucre dans Fespace de dix ou douzo heures en mdlant du 
gluten sec pulverise avec une double quantite d’amidon <iu'on 
r^duit a F 6 tat d'empois, et en les exposant une temperature 
de 40 ° a 6 o°R., j’ai divist: cc melange on trois parties t'galcs 
qui ont 6 t 6 chaufFccs (avec le degrt* ct le temps prc.scrits) au 
m^me bain marie, dans trois vases dillercnts : I /O premier 
d’entr’eux etoit plein et cxactement ferme ; Ic second etok 
ouvert, 4vas6, et en libre contact avec Fair ; le troisiiime 6 toit 
un ballon ferm 6 plein d'air, dont Fempois n'occupoit que la 
cinquantidme partie. 

Le poids du produit de ces op 6 rations, mdme dc cellos qui 
avoient 6 t 6 fakes avec le contact de Fair, 6 toit 6 gal aux poids 
du gluten et de Famidon avant leur melange, ou du moins il 
ne leur 6 toit inf 6 rieur que d’une quatre milliSme, en faisant 
les dessfechements a la temperature de Feau bouillante. 

Bix grammes d'amidon ont produit dans le ballon fcrmC* 

* Le ww oTstenu daiwb* experiences oft la fermentation de Famidon de froment 
et depomme de ten* n’a que cinq ou six semaines, n’a point pu crystaliisor. II 
n’en d* tnima l4a Smtustatuotts ont beauooup plus peolonglcsv 
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et plein d'air, 50 centimetres cubes de gaz acide carbonique ^ 
la formation duquel cet air n’avoit eu aucune part, car apres 
son melange avec la potasse, il contenoit la m^me proportion 
de gaz oxigene qu'avant Texperience. 

II s’est forme dans les trois vases a trds peu pres la mSme 
quantity de sucre, c'est-a-dire environ la septieme partie de 
I’amidon employe. Les petites differences entre les resultats, 
et qui pouvoient etre accidentelles, se trouvoient en faveur de 
^exclusion de Tair pour la production du sucre. La matiere 
sucree bien purifiee et obtenue par les precedes du gluten 
differe du sucre qu’on obtient de Tamidon ferment^ sans me- 
lange etranger, 

1°, En etant beaucoup moins soluble dans I’alcool aqueux. 
100 parties de cette liqueur k 35° de I'areomctre de Baume' 
n'en ont pu dissoudre que 2,85 parties at une temperature de 
i8°R. 

a®, En ce qu'elle forme avec dix fois son poids.d'eau une 
dissolution ou la decoction de noix de gale produit un precipite 
blanc, tr^s abondant, et dont on ne voit aucun vestige avec les 
dissolutions des autres sucres. 

La gorame obtenue par le precede d6crit § 3, equivaloit k 
la quinzieme partie de I’amidon employe ; elle differoit de 
celle de Lamidon fermente, 1°. en formant une dissolution 
aqueuse qui, en opposition avec le resultat de M. Kirchoff, 
<&toit abondarament troubiee par la decoction de noix de gale ; 

en colorant en bleu la solution aqueuse de iodd qui y ma- 
i^stoit aihsi la presence de l^midme bu de Lamito 

avok extrait par I'eau froideles- principes gommeux 
essaye; inutileiBwatif dte s 4 parer par I’eau bouil- 
lante, ramida^^f de Jf^optotion ; il se reduisoit par 
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ce traitement on ime colic (jui nc transnicttoit rkn par Ic*. 
filtres. La inatierc inattaquable par I'eau froidc so dissolvoit 
en partie dans I'acide sulfiiriquc clclaye. Lt‘ rcsidii indissous 
dtoit un melange de gluten ot do ligncux aniilacc. (k dt'rnier 
se sdparoit dans la liqueur par sa diflldrcnlc dcnsitc ; il ne 
donnoit par sa blancheur aucun indice de maticrc churbonncusc, 
et il se dissolvoit en entier dans dcs Icssivcs do potas.sc trd.s 
6tendues. Quoiquc Ton reconnut dans ces produits tons ccux 
de la fermentation dc I'amidon soul, ils etoicnt impossibles a 
extraire dans leur 6tat de puret6 a cause de rintervcntion de la 
mati^re glutineuse qui les faisoit adh^srcr Ics uns aux autres. 

Il se forme dans cette operation, suivant robscrvation de 
M. Kirciioff, un acide que la liqueur rctient aprbs rdbullition, 
Ceproduitestdu au gluten qui le d^gage parsa fermentation, 
sans le secours de I’amidon. L’absence de cet acide dans la 
fermentation de I’amidon pur, montre que la formation du 
sucre par les proc6d6s ant6ricurs n'a pas dtd due a la presence 
accidentelle du gluten. 

Malgr6 ces diffiSrences, la decomposition spoutanfie de 
I’amidon seul sans le contact de I'air, et cellc qui s'op^sre par 
I'interm^de du gluten, ont dans leurs rdsultats g6neraux 
plusieurs caract^res semblables trSs frappants. Il y a pro- 
duction de mati^re sucr6e, de gomme, de ligneux amilacd, 
et’probablement d’amidine. n y a d^gagement de gaz acide 
carbonique. Il n’y a point de precipitation de charbon et 
point d’eau form6e ou de perte de poids dans le produit sec 
de I’operation, On peut en conclure que le gluten en a'unis- 
san^ It I’lraidon ne fait qu'acc6ierer une fermentation que ce 
demier4up<»it subie par lui-meme sans cette influence, qui 
modifle leg^rem^tsliejs pr<>duits del'operation. 
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§ XV. M. KtRCHOFF a trouv6'* que quelques acides dif- 
fcrents de Tacide sulfurique convertissoient ramidon en sucre. 
Pour connottre si le gaz acide carbonique qui se forme par 
la fermentation de I'amidon avoit ^t6 la cause de la production 
du sucre dans mes experiences, j’ai introduit dans un grand 
ballon de verre, de I'empois d'amidon de froment, § ii, dont 
il n'occupoit que la cinquantieme partie, et aprSs y avoir fait 
le vide par la pompe pneumatique, je I'ai rempli avec du gaz 
acide carbonique pur. Ce ballon, ferme par un robinet, a 
expos6 pendant quarante jours dans un lieu ou la temperature 
s'est maintenue entre le i8° et le 20® R. L'amidon n’a presque 
pas ete decompose, car 100 parties ont fourni par cette, ope- 
ration, 

Sucre - - - 1. 

Gomme - - - 0,36. 

Amidine meie d'amidon - 1. 

I<es.i%%eme de I'amidon ne paroissoient avoir subi aucune 
alteration. Le gaz acide carbonique met done obstacle ilia 
fermentation de I'amidon, et a la formation de tous les 
produits dont j'ai parie. 


Resumi des ptincipales observations contenues dans ce Memoire* 

L’amidon r^duit par I'eau k I'^tat d’empois, et abandonn6 
a sa decomposition spontanee, a une temperature epi^e 1 6® et 
20° R. , pr<?tltiit soit avec le contact de, I'ajr* spit safis cette 
iftSdence,"'' ; ' 

tine esp^^ce de sqcre ^mblable k ceOe qu’on obtient de 

^•'|ff®riirii(iei,Pi(y5i5UB-parD»^tA:MsT8isRiE,T.74» 



JW. Db Saussurk sur ia 


48 

la m^me f^cule par Tintorvention do I'aoidc sulfuriquo dclayc 
et d*une plus haute toinpdrature. 

3°, une espdce de gomme qui a uri graiul rapport avcc Ic 
principe gommeux dc I’amidon torr<Jfie. 

3°, une matiere quej’ai ddsignec sous lo nom d’ainidine, et 
dont les propri6t6s sont intcrmt'diaircs cntre oclles de ruinidon 
et de la gomrae pr^cedcntc. 

4®, une substance qui s’approcho du ligncux par son inso- 
lubility dans I’eau bouillante et dans i)lusicurs acidos ; mats 
elle tient de la nature ainilacde en colorant on pourprc la so- 
lution aqueuse d’iode. 

La dycomposition spontandc de I'amidon fournit encore 
d’autres produits ; mais leur presence et le mode de lour for- 
mation sont subordonnds a Taction ou a Tabscnce dc Tair 
atmosphyrique pendant la fermentation. 

Lorsque cette ddcora position sc fait avec Ic contact dc l*air, 
Taraidon produit une grande quantity d’eau, dans laquelle le 
gaz oxigdne atmosphyrique n'cntre point coniine principe 
constituant. II se forme du gaz acjide carbonique dont Toxi- 
gfene appartient k i’air atmospherique. L'amidon dypose en- 
core dans cette circonstanco du charbon qu’on nc syparequ'im- 
parfaitement, et qui rembrunit tous les produits dc Topdra- 
tion. Le gaz oxig^ne n'est point absorby dans cette fermen- 
tation qu'en tant qu’il forme le gaz acide carbonique dont je 
viens de parler. Le poids du rysidu sec de la dycoinposition 
de Tamidon avec le contact de Tair pSse moins que Tamidon 
employy. La soustradtion du carbone par Tair n'entre que 
trSs p^ dans ce dychet qui est du presque uniqueracnt ^ Tcau 
fbrmye {>«• Tamidon, et qui se vola^llse. 

" Lorsque k dytxaapOMtion spontanye s*op6re sans le contact 
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de Tair, ramidon ne produit point d’eau, il d^gage une petite 
quantit6 de gaz acide carbonique et du gaz hydrog^ne pur 
ou presque pur. II ne depose point de charbon. Le poids du 
r^sidu de cette fermentation aprds le dessechement k la tem- 
perature de I'eau bouillante s'est trouv4 dans mes experiences 
egal au poids de I'amidon employ^ k la m^me temperature : 
mais comme je n’ai tenu compte ni de la perte qu'il a subie 
par le degagement du gaz acide carbonique, ni de celle qu’il 
a eprouv^e par sa decomposition dans un long dessechement 
avec le contact de I’air, il me paroit probable que I'amidon 
dans sa fermentation sans ee contact, fixe ou s’approprie en 
petite quantke les elements de I’eau. 

Mes experiences sans I’influence de I'air n’ont et6 ni assez 
prolongees ni assez multipliees, pour indiquer si sa presence 
augmente la quantite du sucre; leurs r6sultats a. cetegard 
ont varie. Il est probable que I’air la diminue, en detruisant 
tons les prbduks de roperation. , 

La conversion de I’amidon en sucre par I’intervention du 
gluten, dans I’espace de quelques heures, et par une tempera- 
ture elevee, fournit des produits sucrds et gommeux qui dif- 
ferent des substances obtenues dans Toperation ppec6dente, 
en ce qu’ils donhent avec I’eau, des dissolutions oil la decoc- 
tion de noix de gale indique la presence de la mati^re glu- 
tineuse par des predpiies abondants. Cfe principe donne au 
ptoduit sucre d’autres proprietes distlnctiYes tres sadlantes. 
Il s’engendre deplusjdans I’emppis meie de gluten, un acide 
qdl pe se manifesfe point dans la Terinentatibh de I’amidon 
seuii.ei qni paroit d ^ la fermentation du 

gMen> ^J|;ailleurs la*^ spontanee de I’amidcfiti' 

MDcccxix/'^'r''^ 
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sans le contact dc I'air, ct cello qui s’opcro par rinterinddi* de 
la mati^re glutineusc, ont engoiidral dt'vScnractt'roHst'inhhildos. 
Le gluten en s’unissant a Tamidon, no panjit qu'aooolfirer 
une decomposition que celui-ci aureit subio plus tard, sans cotte 
influence. 

Fourcroy a ddsigne quciques operations chiiniquos tlans 
lesquellcs il sc produit du sucre, sous le noin dc fcrnionfation 
saccharine. II avoit principalemcnt fondd cette distinction 
sur le gout sucr^^ que prennent plusiours fruits par la coc- 
tion, et sur la formation du sucre dans I’acto m6me do !a 
v6g4tation et de ranimalisation : mais lo premier rfisultat, 
celui de la saveur, t'^toit trop ind^termind ; et le second no 
s’adaptoit pas au nom de fermentation, qui suppose I'actc 
d’un mouvement spontan^ et intestiii dans des substances 
v6g6tales ou animales d6sorgams6es ct privdes do vie. Aussi 
cette designation n'a-t-elle pas adoptde. Mais puisquo 
nous voyons par des eflPets precis quo la formation du .suorc 
a lieu dans le sens le plus strict attache au mot de fermen- 
tation, il convient de distinguer cette dernifere, et do la fairo 
pr6c6der toutes les autres, en lui conservant le nom de fer- 
mentation saccharine. 

Geneve cc 7 Octobre, i8i8* 


Note A, sur la gomme produite par la fermentation spontane'e de 
I'amidon, § III. et § XIII. 

Cette gomme purifi^e par sa dissolution dans I’eau, sa fil- 
tration, e« b precipitation par Falcool, aprSs son dessdehe- 
ment, transparente etpresque sans couleur, si la fermentation 
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s’est faite sans le contact de Tair ; mais si cette operation a 
tr^s prolong^e avec ce contact, si elle a et6 accompagn^e 
de riioisissure, la gomme est jaune et un pen trop mollg pour 
pouvoir Stre pulv^ris^e. 100 parties de cette gomme a 15° R. 
perdoient par ce dess^chement a la temp6rature de Teaii bouil- 
lante 11,75 d'eau ; dans cet ^tat, elle est toujours tr^s friable. 
Elle n'attire pas d'ailleurs Thumidit^ de Fair ; elle y est inal- 
terable: mais sa dissolution aqueuse s'y deconipose au bout 
d'un certain temps, sans passer k I'^tat acide, en prenant une 
odeur putride, et en d6posant d'^paisses mucosites. 

Elle est insoluble dans Falcool, et elle est soluble dans 
I'eau en toute proportion. Deux parties' de ce liquide et une 
de gomme offrent une solution trbs fluide, mais elle devient 
filante et visqueuse lorsque le poids de la gomme exc^de 
celui de I'eau. 

La dissolution d’une partie de gomme dans dix d’eau n’est 
trouble ni par I'acetate de plomb, ni par le sous acetate de 
plorabj .ni par la decoction de noix de gale* ni par la liqueur 
des cailloux. 

Elle n'alt^re pas la couleur de I’infusion de tourne-sol. 

Elle ne produit aucun changement de couleur dans la solu- 
tion aqueuse diode. 

Elle est foibleraent troubl^e par I’eau de baryte. 

Elle lie produit point d’acjde muqueux ayec I’acide nitrique. 

Cette gomme a beaUcoup de rapports avec c«lle qu’on 
obtient de I'a'midott torr^fi^. Elies different seulepient en ce 
qiib I'eau de baryte fait dn jpr6dpit6 beaucoup mpins abondant 
danila solution de gomme d'araidon ferment^ ; eh ce que 
cette demi^re a un peh de iBexibEite ^ une basse temperature, 
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et en ce qu’elle a une couleur beaucoup nioin.s fouccc, ct 
presque nuile, si la fermentation s'est faite sans le contact 
de I’air. 

J^ote B, sur la matiire iniermedimre enlre la gomme et I’am 'ukn, 
ou sur I’amidine, § V. § 13. 

Le r6sidu de la decomposition spontande de I'amidon, apr^s 
avoir ete traitd par I'eau froide, abandonne a I'eau btmillanto 
un principc que cc liquide, aprlss son r6froidissomont ct s.i fil- 
tration, retient en dissolution, et que j’ai design^ sous b nom 
d’amkline. On la purifie dans I'etat sec, en la lavant avee 
une petite quantite d’eau froide, en la faisant dissomlre dans 
I'eau bouillante, et en filtrant la dissolution api ds son r^lVoidis- 
setnent. Ce produit ne me paroissant 4 tre qu'une modifica- 
tion sp^ciale de I'amidon, ne conservera pas le nom que je 
lui ai donn^ ici pour abr^ger ; car on ne surchargera pas la 
science de nouveaux noms pour Ics modifications inlinies quo 
peut presenter toute substance v6g6tale ou animaki par unc 
lig^re alteration. 

L’amidine obtenue par T^vaporation de sa dissolution 
aqueuse, se prdsente, suivant le mode du dess6cliement, en 
fragments blancs, opaques, et irriguliers, ou sous Tapparence 
d’une mati^re jaune pdle, Si demi transparente (comme de 
la gorame arabique), et tres friable. EHe est insoluble dans 
I'alcool. L'eau froide raise en maceration sur I'amidine en 
dissout environ de son poids, et pr^sente apiis sa fil- 
tmtion une liqueur sans couleur, et tris iuide. 

i'eau dissout I'amidine en toute proportion I une templra- 
ture R*, et elle en tetierrt en dissolution, apits 



decomposition de Vamidon, &c. 

son refroidissement, une beaucoup plus grande proportion que 
celle dont se charge ce liquide lorsqu^il agit a froid sur 
cette substance. La decoction peut ^tre rapproch^e par T^va- 
poration au point de contenir le quart de son poids d'amidine 
en dissolution, sans se troubler ou sans se convertir en ptte 
et en gel6e par le refroidissement ; ce qui n’a point lieu pour 
I'amidon. Lorsque la dissolution d’amidine est plus rap- 
prochee, elle se pr6cipite en partie, par le refroidissement, en 
une matiere blanche et opaque; mais cette derni^re se dissout, 
en presentant une liqueur transparente, a une temperature de 
50“ R. : sous ce rapport elle se rapproche de I'inuline. La 
dissolution aqueuse d’amidine faite a froid, et qui en contient 
la dixi^me de son poids, se colore en bleu avec la solution 
aqueuse d’iode, et pr6sente avec ce r^actif tous les effets de 
I'amidon.* 

La m^me dissolution est coagul6e en une pate blanche et 
opaque par le sous-ac6tate de plomb : I'ac^tate neutre n’y fait 
qu’un pr^cipit 4 peu sensible. 

Elle est abondamment troubl^e par I’eau de baryte, et point 
par I’eau de chaux. La decoction de noix de gale n’y produit 
pas de changeraent bien marqu^. 

Les solutions aqueuses de potasse dissolvent I’amidine. 
Ces combinaisons sont trbs fluides, et ne se pr^sentent point 

t 

dans r^tat visqueux et filant de celles d'amidon. Les aoides 
foibles en pr^cipitent I’amidine avec toutes ses proprieties. 

L’alcool y produit aussi un precipite abondant, mais ce 
dernier retient une certaine proportion d'alcali qui fait que 

* AnAalas 4e Chimw, T.$p. Mimki $ur I'iode par MM. Colin et Qaoi,. 
TIER deCbvubq'. 
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I’amidine precipit^ ne sc colore cn bleu par rkxle, <juc lois- 
qu'on y ajoute un acide. 

L’ainidine diffdre done prindpalcinent de I’aniidon, en ce 
que I’eau froidc pent la dis.soudre, cn ce (ju’elle ne forme 
point de gelee avec Teau bouillante, ni <les combinaisons 
visqueuses avec les Icssives de potaase. Lus caraeteros qui 
la distinguent du principe gommeux dont j'ai parlt; pKf’n'^ lem- 
ment, sont, 3 ^, dcn'fitre pas soluble clans Teaii froidc tm touic 
proportion; a**, dccolorcrcn bleu la solution aqueuse d’lodo; 
3 ®, de former avec I'cau unc dissolution qui cst coagulco par lo 
sous ac6tatc de plomb. 

Je n'ai point pu obtenir d'amidinc par la germination du 
froment. Si ce produit s’y forme, e’est sans doute on trop 
petite quantity pour qu'on puissc le jciparor de rainidon. 
Dans I’analyse que j’ai faite de 100 parlies do froment, avant, 
et apr^s sa germination, 6 parties do sa substance farineuse 
ont paru d6triiiics par ccile vegetation, ot c-llos ont cif* rem- 
plac6es par jjartios de mucilage, et do .sucre sec deli- 
quescent. Si, comme on peut le prdsumer, ramidiuc se forme 
en aussi petite quantit6 que ces produits, elle pout roster con- 
fondue avec I'araidon sans qu’on puissc I'cn sdparer. D'ail- 
leurs je n’ai pas trouv4, malgr6 les assertions contraires de 
MM. Proust et Dobereiner, que I'amidon du froment fut 
notablement chang6 dans ses propri6t6s par la germinatit^n. 

Note C, sur le changement de poids qu’eprouve Vamidon par sa 
fermentation d l^air, § II. § X. § XIII. 

En analysant le sucre produit par I’action de I’acide sulfu- 
rique eide I’eau sur I’amidon (BibJioth^que Brit. Sc, et Arts, 
j ai trouv6 que <in:e production s’opdre par la fixation 
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<3es elements de I’eau dans Tamidon. Je suis parvenu a, la 
m^me explication, on plutot k sa confirmation en montrant 
que la quantit6 de sucre forinde par ce procede est plus grande 
que celle de I’amidon employ^, lorsqu’ils sont s^ch^s Tun et 
1 ’autre a la temp6rature de I’eaii bouillante. Cette observa- 
tion pourroit paroitre oppos^e a celle qui montre que le 
r^sidu de la decomposition de Tamidon a Tair p^se moins 
que I’amidon employe : mais il est peut etre superflu d’ob- 
server que ces efFets ne sauroient etre compares ; parce que 
dans celui de I’acide sulfurique, le sucre est en dernier re- 
sultat le seul produit notable, de l’op6ration; tandis que dans 
la fermentation de I’amidon a I’air, il se forme plusieurs 
produits dans lesquels les elements de I’eau sont repartis 
d’une mani^re tr^s inegale, et se perdent en partie par I’eva- 
poration. 

Par la fixation des elements de I’eau dans I’amidon pour 
former le sucre, je n’eritends pas qu’ils s’y trouvent dans 
retat d’eau solidifiee ou d’eau de crystallisation •, la maniere 
dont ils sont repartis est encore indeterminee. 

Cette fixation de I’eau a lieu sans doute plus souvent qu’on 
ne le pense dans le traitement des substances vegetales ou 
animales par les precedes ordiriaires de nos laboratoires, 
J’ai trouve que les nouvelles proprietes que les graisses ac- 
quiferent par la saponification, . tiennent principalement a la - 
fixation deS elements de I’eau dans la graisse. 

,100 parties de graisse de pore layee et filtree, m’ont fourni 
pair leur combustion dans du gaz oxigenei* i 

• Cfette'aosJysB pe s’accorde pas avec cells que B,* a AitD a faite de la m&me sub 
stance en la Itraiijant pac roxldd de ciiivre,; Ses r&ffltats ainsi qu^un grand nonibre de" 
ceux oBtenus par wproc^S, rn’crnl para pecher par exeSs d’hydrogine. (Annates de 
t;h.’etrde,Phys.T,T.J. „ ' . ' - , , ■ : 
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12,182. 

8,502. 

0 , 473 * 

100 

100 parties de la radme graisse saponifii6e ou pr^cipHcc dt 


son savon de potasse par I'acide muriatique contiennent, 

Carbone 

75 > 74 . 7 * 

Hydrog^ine 

11,615. 

Oxigene 


Azote 

o> 3 i 3 * 


100 


Le gaz oxig^ne consume etle gaz acide carbonique produit 
par la combustion de la graisse, avant et aprbs sa saponifica- 
tion, sont presque dans le mdme rapport, savtjlr comine 
100:71,5 dans la ibre analyse; ct comme 100:72,7 dans 
la ade. II en r^sulte qu'on pourroit presque consid6rer ces 
deux esp^ces de graisse comme ayant la mdrae base unie a 
di^rentes quantit^s d'eau, quoique ce ne soit point 13 , proba- 
blement le veritable mode de leur composition. 

les experiences de Chevreul que j'ai v6rifi6es ne sont pas 
opposees a cette explication en indiquant qu’il y a augmen- 
tation de poids dans le produit de I'op^ration. 100 parties 
de graisse de pore fournissent suivant ce chiraiste, 94 ou 05 
de graisse saponifide, et environ 9 de principe doux sans 
compter la perte qui a lieu dans la manipulation : ces produits 
pajmssen^, dejnp^ su?:5passer le poids de la graisse qui les a 


Carbone 

Hydrog^ne 

Oxigene 

Azote 
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Note D, le gaz hydroghne produit par la fermentation de 

Vamidon, § XIII. 

On pent ^tre surpris que le gaz hydrogdne form6 par la 
decomposition spontan^e de I’empois d’amidon, soit du gaz 
hydrogene pur, et non point un gaz hydrogene carbure sem- 
blable a celui des marais : mais toutes les substances v^getales 
que j'ai fait fermenter par un proc6de analogue 'k celui qui ,a 
etc employe pour Tempois, ont degag6 du gaz hydrog^ne 
pur ou presque pur, abstraction faite du gaz acide carbonique 
qui y etoit meie, et de la faculte qu/avoient quelques unes 
d’entr’elles de ne d^gager que ce dernier. 

3,85 grammes de gluten fraix qui contenoit la 0,37 partie 
de son poids d*eau, et au quel j’ai ajoute 16 grammes de ce 
liquide, ont degage dans cinq semaines, aprds avoir 6 t€ places 
sous un recipient renverse plein de mercure, 80 centim. cubes 
de gaz, sans y comprendre celui que Teau a retenu, Les 
80 etoieht composes de 60 de gaz acide carbonique et de so 
de gaz hydrogene qui n'a pas form6 une quantite notable de 
gaz acide carbonique par sa combustion. 

Le froment dans une fermentation semblable n'a d 6 gag€ 
que du gaz acide carbonique, sans melange de gaz hydro- 
g^ne. ' 

3 grammes de graines de pois seches aux quelles j’ai: 
ajout6 13 grammes d’eau, ont d%ag6 dans trois , semaines, 
par un proc 4 d 6 semblable, 117 centimetres cubes de gaz qui 
contenoit 88 de gaz acide carbonique et de gaz hydrog^ne. 

, J'ki ces experiences sur une livre de pois, en les 

enferraant spus un recipient plein d’eau, renVers6 sur ce 
liquide eii obtitkct avec I'air. la pesanteur sp6cifique du 
• MDCOCXrX.'' 
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hydrog^ne dSgag^, abstraction faite du gaz azote qui le souil- 
loit, etoit 0,0883. 100 parties de cet air inflammable que 

j’ai pu analyser plus en grand que les precedents, ont con- 
sum6 55,45 de gaz oxig^ne, en formant 2,64 de gaz acide 
carbonique. 

Ces experiences ont ete faites avec quelques autres graines ; 
et celles qui ont produit du gaz hydrogbne I'ont toujours 
aegage pur ou presque pur, mais m^ie avec du gaz acide 
carbonique dans une proportion qui n’a souffert que peu de 
variations, e’est-^-dire environ dans le rapport de 1 ; 4 en y 
comprenant le gaz acide que I’eau a retenu ; tel dtoit aussi le 
melange de gaz que I'amidon et le gluten ont fourni. 

La formation d’un gaz hydrogene aussi pur par la fermen- 
tation n’avoit pas, ete observee : elle conduit a chercher k 
raison pour la quelle la fermentation des mamis produit un 
gaz inflammable aussi different du precedent. 
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IV. On Corpora Lutea. By S'/rEverard Home, Bart. V. P. R. S. 

Read January 14, 1819. 

In May, 18 17 , 1 laid before the Society an account of the 
human ovum, and not only showed the cavity of the corpus 
luteum from which it had escaped, but another corpus luteum 
in the same ovarium, which had made a considerable advance 
in its growth. 

Ever since that time I have been actively employed, with 
the assistance of Mr. Bauer, in tracing the rise and progress 
of the corpus luteum to its full growth, its use, and after- 
wards its decay. The result of our labours is contained in 
the present communication, and in the drawings which ac- 
company it. 

Corpora lutea are never met with before puberty; the 
natural structure of the ovarium is therefore more readily 
ascertained before that period. It is nearly the same in dif- 
ferent animals; is of a loose open texture, in which, more parti- 
cularly near the circumference, a number of small cells of a 
globular form are met with. This structure is shown in the 
annexed drawings, in the human ovarium, [[Plate III. fig. 
in that of the cow, [[Plate VI. fig, s.[3 and in that of the sow, 
.[Plate VIII. fig. „■ . ^ 

The corpus luteura^ffoBi iite first appearance, seems to be 
an entit'ely new substance, distinct from that of the ovarium 
itself ; li; is ipeyer formed withii^ the cells, but in the substance 
of the pvasittth s TSee jPlat^^ s and 4: Plate VI, fig, 

4.: and Plate Vllf, fig. 4;^ imd the surrounding 



6b 


Sir Everard Home on corpora lutea. 

parts so much, that when full grown, and even when there 
are several in the same ovarium, that body is not much en- 
creased beyond its natural size. 

The structure of the corpus luteum is of a very particular 
kind, and is not distinctly seen in small animals, or in those that 
have numerous litters; but in the cow, which has commonly 
only one calf at a birth, the corpus luteum is so large, that 
when it is magnified, the structure can be made out; it is a 
mass of thin convolutions, bearing a greater revscmblancc to 
those of the brain than of any other organ. Its form is an 
irregular oval with a central cavity, and in some animals its 
substance is of a bright orange colour when first exposed; 
all these appearances are most accurately displayed in the an- 
nexed drawings of it in the cow. [^Plate VII. fig. a, 3.]] Corpora 
lutea are found to make their appearance in the ovaria at the 
age ot puberty, and continue to succeed each other as the 
young are produced, till the period arrives when breeding 
no longer goes on. [^Plate III. fig. 7; Plato IV. fig. 6 ; 
Plate IX. fig. 6.3 

As the object of the j^resent paper is to draw conclusions from 
the appearances that are represented in the annexed drawings, 
in proof of corpora lutea being the struct ures in which the 
ova are formed ; of their being produced previous to, and 
independent of sexual intercourse; and when they have ful- 
filled their office of forming ova, being afterwards removed 
by absorption, whether the ova are impregnated or not; I 
shall not take up the time of the Society longer than in de- 
taifirfg a number of facts, which indeed will be doitig little 
more than giving a catalogue raisonnbe of Mr. Bauer’s 
drawings, ^^hichf put these facts upon record. That corpora 
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iutea are formed in a state of virginity, is proved both in 
the human species and the hog tribe, as will be seen in the 
annexed drawings. In a young woman of twenty years of 
age with a perfect hymen, one of the ovaria was found by 
Mr. Bauer -to contain a corpus luteum, in the cavity of 
which there was an ovum which had nearly arrived at its full 
size ; the second covering or chorion had already formed, by 
means of which the ovum had a slight adhesion to the inner 
surface of the corpus luteum. [[Plate III. fig. 4.[] When this 
ovum was examined after it had been removed from its situ- 
ation, [[Plate III. fig. 5,[3 its figure was the same as that 
found in the uterus and described in my former paper ; it only 
differed in being smaller in the proportion of to^^, 
in the whole being transparent, and in the chorion not having 
extended itself completely over the anterior surface of the 
ovum. The Fallopian tube on that side was fuller than the 
opposite. The fimbriae were spread out, and unusually vas- 
cular; so that every preparation was made for the reception 
of the oviim into the tube. No sexual intercourse had taken 
place. [[Plate III. fig. 3.[j 

I have met with corpora Iutea in virgins at 14 ; and know 
of two instances of girls having children still earlier, one at 
* t 3, the other at 13 . 

Sir John Sebright, whose knowledge respecting pigeons 
is well known, informs me, that when mated, they lay eggs 
earlier than when kept from the male; they do not lay 
V greater riumber of eggs[ feiit they lay them at all seasons, 
whiie Tih'e others lay only in the spring. 

In ' thd' felv, the^a pubeTt^jt is considered to be two 
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years old, and the corpus luteum represented in the engraving 
is that of a first calf. [Plate VI. fig. 4; and Plate VII. fig.. 2, 
and 3.3 In the hog tribe, the age of puberty is six months ; 
and in the series of drawings of their ovaria, one is given from 
a sow pig at four months, in which no corpora lutea had begun 
to appear. [Plate VIIL fig. 2. j In another, between five and 
six months, several have made a considerable advance, [Plate 
VIII. fig. 4.;] and in one nearly six months they were com- 
pletely formed, and their cavities filled with blood, similar 
to the human corpus luteum containing the ovum, but no ova 
were detected. [Plate VIII. fig. 6.]] 

In another virgin pig, nearly six months old, Mr. Bauer 
was so fortunate as to meet with corpora lutea in the very act 
of bursting to part with their ova : the appearance is shown in 
Plate IX. fig. 1 and 2. From this most fortunate occurrence 
we learn that animals part with their eggs whether there is sex- 
ual intercourse or not, and this is done with such force, that the 
cavity of the corpus luteum is absolutely inverted, so that the 
ovum is exposed completely to the emission of the male. The 
extravasation of blood in rupturing the ovarium, and invert- 
ing the corpus luteum, is in many instance.s so great, that 
some of it passes out through the vagina, which when met 
with, is considered a sign of impregnation having taken 
place. As soon as the ovum is expelled, the corpus luteum 
recovers itself, and returns to its natural state. When the 
ovum accidentally adheres by a portion of the chorion to the 
inner surface of the corpus luteum, as is shown to be the case 
in Plate in. fig. 4, it may retain its hold; and however com- 
pleat its expulsion, may be carried back, and form what is 
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called an ovarium case, the foetus growing in the ovarium; 
several cases of this kind are met with, particularly one now 
in the collection of the Emperor of Russia, purchased from 
the late Mr, Cruikshank, teacher of Anatomy in London. 

An instance of corpora lutea forming in succession, and 
probably to the same number, whether the female is ever 
impregnated or not, is shown in a drawing of the ovarium of 
a woman who died a virgin at 47 years old; the fragments of 
seven corpora lutea are distinctly seen in it, and in the oppo- 
site there were five, putting on the same appearance. j^Plate 
III. fig. 70 

After the escape of the ova, the corpora lutea have their 
cavities distended with blood, which coagulates, loses its 
colour, and forms a white solid mass surrounded by broken 
portions of the corpus luteum. [|Plate IV. fig. 4 and 5.^ These 
become smaller and srpaller, till they disappear. A series of 
them is shown in the human ovarium, six weeks and nine 
months after impregnation ; also after a woman had borne 
IS children, and had for many years left off breeding. [[Plate 
V. fig. 6.3 

The remains of the corpus luteum, at nine months after im- 
precation of the ovum, are so indistinct as hardly to be re- 
cognized ; but in the opposite ovarium there is commonly a 
corpus luteum far advanced, forming another ovum; and it 
will be found that all the preparations of corpora lutea tak6n 
from the ovaria of women who die in child-bed, actually 
lielbn]^ to this n^w ovdm hot yet completely j^Plate 

Vi'fig,;%end'fig.'4.3,:', • ’ 

fa sotheicasesrtlm ooaguluia filling tlje cavity of the corpus 
luteum is afesokbedi cleaving a droular cup, whose raargfa is 
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fringed witli small portions of the substance of the corpus 
luteum; this has been usually taken for a perfect corpus 
luteum, and preserved as such. 

The cells met with in the ovaria before puberty are glo- 
bular ; but as the ovaria increase in size, the sides of these 
cells become squeezed, which gives them an oval form. 
[Plate VI. fig. 4. and Plate VII. fig. a and 3.3 

explanation of the plates. 

Plate III. 

In this Plate are represented six figures of the human ova- 
rium in a virgin state, and one of the human ovum before it is 
impregnated. The external appearances of the ovaria arc of 
the natural size. The internal appearances are magnified 
two diameters, the ovum itself is magnified twenty-two di- 
ameters. 

Fig. 1. the human ovarium at twelve years of age, show- 
ing its external form. 

Fig. a. An internal view of the same : the blood vessels 
are injected, its structure is more compact than natural, the 
parts having been preserved in spirit. ' The cavities contained 
coagulated lymph and a serous fluid. 

S* The external view of the ovarium at eo years of 
age, after having been .some days in spirit. 

Fig. 4. An internal view of the same, showing that al- 
though the woman was a virgin, there was a corpus luteum 
arrived at its full growth containing an ovum, which has two 
membranous 0(?wering8, the amnion and chorion; the ca- 
vity -surroundifig the ovum was filled with blood; and the 
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ovum, by means of the chorion, has a slight attachment to the 
inner surface of the corpus luteum. 

Fig. 5, represents the ovum in a detached state; it is smaller 
than that represented in my former paper, which had arrived 
at the cavity of the uterus, in the proportion of to and 
differs from it in being pellucid, the two opaque spots met 
with in the other not yet being formed. 

Fig. 6 . The external form of the ovarium at 4,7 years 
of age. 

Fig 7. An internal view of the same, showing the re- 
mains of seven corpora lutea. The central cavities are dis- 
tended with coagulated blood, as in all the corpora lutea met 
with after the ova that escaped from them had been impreg- 
nated. The corresponding ovarium contained five corpora 
lutea, similar in appearance to those here represented. 

Plate IV. 

Contains five figures of the human ovarium after impreg- 
nation, the external appearances are of the natural size, the 
internal ones are magnified two diameters. 

Fig. 1. The external appearance of the ovarium repre- 
sented in a former paper on the human ovum, and shown 
again here to complete the series. 

Fig. s. An internal view of the same, to show the appear- 
ance of the corpus luteum five days after the impregnation of 
the ovum. 

Fig. 3. The external appearance of the ovarium, six 
weeks after the impregnation of the ovum, which was ar- 
rested in the Fallopian tube. 

Mdcccxix. K 
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Fig. 4,. An internal view of the same, showing the corpus 
luteum partly absorbed, and the remaining parts unconnected 
with each other. 

Fig. 5. A transverse section of the same ovarium, and its 
corpus luteum. 


Plate V. 

Contains six figures of the human ovarium at different 
periods after impregnation, all of them of the natural size, 
except Fig. 6 , which is magnified two diameters. 

Fig. 1, An external view of the ovarium, that did not 
contain the ovum from which the child was produced, taken 
immediately after the child was born. 

Fig. a. An internal view of the same, in which there is a 
corpus luteum nearly arrived at its full size. 

Fig. 3. The external view of the ovarium, in which the 
impregnated ovum had been formed. 

Fig. 4. An internal view of the same, showing how much 
the corpus luteum had been broken down, and the want of 
distinctness in the remaining parts. There is also a new 
corpus luteum forming. 

When Fig. a and Fig. 4 are compared, it will be seen, that 
all corpora lutea which have been preserved after the mother 
dies in child-birth, do not bdong to the ovum of the child 
born, but to that which is to succeed it. 

Fig. 5. The external appearance of the ovarium of a 
woman who had twelve children, and died at seventy years 
0^ iigie. ’ 
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Fig. 6. Internal view of the same, to show how small the 
remains of the corpora lutea had become at that age. The 
large cyst contained coagulated lymph and serum. 

Plate VI. 

Contains four figures of the ovaria of the cow. The ex- 
ternal appearances of the natural size, the internal magnified 
two diameters. 

Fig. 1. The ovarium of a calf, two months old. 

Fig. 3 . An internal view of the same. 

Fig. g. External view of the unimpregnated ovarium of 
a cow, 14, days after her being with calf. 

Fig. 4. Internal view of the same, representing the com- 
mencement of a corpus luteum, and showing that the cells 
in the ovarium which before puberty are met with in a globular 
form, become gradually of an oval and irregular shape as the 
ovarium increases in size. 

Plate VII. 

Contains three figures of the ovarium of a cow with calf. 
The external appearance is of the natural size ; and the inter- 
nal is magnified two diameters. 

Fig. 1. External view of the corresponding ovarium. 

Fig. 2. Internal view of the same, showing the structure 
of the corpus luteum, which in this animal is very large, and 
is evidently made up of convolutions more nearly resembling 
those of the brain, than of any other organ. 

Fig. 8- A transverse section of the corpus luteum. 
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Fig. $. An external view of the ovarium of a sow, 14, days 
after impregnation. 

Fig. 4. Tlic internal view, in which there are five corpora 
lutea, their appearance becoming very indistinct. 

Fig. 5. The ovarium of a sow five years old, that had in all 
six litters of pigs, and had left off breeding for a year. 

Fig. 6. An internal view of the same, to show that all ves- 
tiges of corpora lutea were nearly removed. 

Since the first part of this Paper was printed, a foetus of 
the size usually met with at the end of the fourth month, 
has been found compleatly inclosed in the ovarium. It is 
evident that the ovum, after impregnation, was retdned in 
the cavity of the corpus luteura in the' manner explained 
above, since vestiges of the corpus luteum are still visible 
between the chorion and the substance of the ovarium; The 
mother died in consequence of haemorrhage, produced by 
the bursting of a branch of the spermatic artery. An ac- 
count of the case, with drawings of the parts made by Mr. 
Bauer, will be laid before the Society, after the long vaca- 
tion, by Dr. Granvili-e. 
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V. Remarks on the probabilities of error in physical observations, 
and on the density of the earth, considered, especially with 
regard to the reduction of experiments, on the pendulum. In a 
letter to Capt. Henry Kater, F. R. S. jBjy Thomas Young., 
M. D. For. Sec. R. S. 

Read January at, 1819, 

My dear Sir, 

The results of some of your late experiments on the pen- 
dulum having led me to reflect on the possible inequalities in 
the arraiigfement of gravitating matter within the earth’s sub- 
stance, as well as on the methods of appreciating the Rccuracy 
of a long series of observations in general, I have thought 
that it might be agreeable to you, to receive the conclusions 
which I have obtained from my investigations, in such a 
form as might serve either to accompany the report of your 
0]^ra:ti6ns, or to be laid before the Royal Society as a distinct 
communication. ' 

t. On the estimation of the advantage of multiplied ob- 
servations. 

It has been a favourite object of research and speculation, 
among the authors of the most modern refinements of ma- 
thematical analysis, to determine the laws, by which the pro- 
bability of occurrences, and the accuracy of e;xperimental rer 
siilts, may be reduced to a numerical form. It is indeed true, 
tha* this calculation has sometimes vainly endeavoured to 
; substathte arithnt sense, and at other times 

: has eihibited- pt to employ the doctrine ofi ch^ces 

as a sort of au:kiliary in the pursuit of a |K>litical objectj not 
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otherwise so easily attainable ; but w'e must recollect, that at 
least as much good sense is required in applying our mathe- 
matics to objects of a moral nature, as would be sufficient to 
enable us to judge of all their relations without any mathe- 
matics at all: and that a wise government and a brave 
people may rely with much more confidence on the perma- 
nent sources of their prosperity, than the most expert calcu- 
lators have any right to repose in the most ingenious combi- 
nations of accidental causes. 

It is however an important, as well as an interesting 
study, to inquire in what manner the apparent constancy of 
many general results, which are obviously subject to great 
and numerous causes of diversity, may best be explained: 
and we shall soon discover that the combination of a multi- 
tude of independent sources of error, each liable to incessant 
fluctuation, has a natural tendency, derived from their mul- 
tiplicity and independence, to diminish the aggregate varia- 
tion of their joint effect; and that this consideration is suffi- 
cient to illustrate the occurrence, for example, of almost an 
equal number of dead letters every year in a general post 
office, and many other similar circumstances, which, to an 
unprepared mind, seem to wear the appearance of a kind of 
mysterious fatality, and which have sometimes been consi- 
dered, even by those who have investigated the subject with 
more attention, as implying something approaching : more 
heatly to constancy in the original causes of the events, than 
there is any just reason for inferring from them. 

' This statement may bp rendered more intelligible by the 
simple '^se of eppposing an equal large, number of black and 
white balls to be thrown into a box, and 100, of them to vim 
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drawn out either at once or in succession. It may then be 
demonstrated, as will appear hereafter, from the number of 
ways in which the respective numbers of each kind of balls 
may happen to be drawn, that there is i chance in 12-| that 
exactly 50 of each kind may be drawn, and an even chance 
that there will not be more than 53 of either, though it still 
remains barely possible that even 100 black balls or 100 
white may be drawn in succession. 

From a similar consideration of the number of corribina- 
tions affording a given error, it will be easy to obtain the pro- 
bable error of the mean of a number of observations of any 
kind ; beginning first with the simple supposition of the cer- 
tainty of an error of constant magnitude, but equally likely 
to fall on either side of the truth, and then deducing from this 
supposition the result of the more ordinary case of the greater 
probability of small errors than of larger ones. This liability 
to a constant error may be represented, by supposing a counter 
to. have two faces, marked o and s ; the mean value of an 
infiiiite number of trials will then obviously be 1, and the 
constant error of each trial will be i , whether positive or 
negative, . 

Now in a combination of n trials with such a counter, if we 


divide the sum of the results by n, the greatest possible error 
of the mean thus found will be i; and the probability of any 
other. given error will be expressed by the number of combi- 
.netipn of the faces of « counters affording that error, divided 
by ^e whole number of eombinations ; that is, by the corres- 
of the bihonaial ( 1 -J- 1)*** divided by s’* , 
f^^^ents. The: eaiculatioh therefore will 
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n =.2 a=:3 « = 4 «=:6 «=:8 

Coefficients 121 4331 14641 i 6 15 20... i 8 28 56 70 

Numbers thrown 024 0246 02468 0246.., 02468 

Differences from a 202 3113 42024 6420... 86420 

Errors of the means lol iffi ifofi i|-|o... i||i.o 

Sums of errors 1+04-I— 2 1 + 14-1 + 1^4 *+ 4 + 5 +® • * + 6 +* 4 +' 4 +® 

Mean errors |=^ -A “I t5— .'A ' 

It is easy to perceive that these coefficients niii^t express 
the true numbers of the, combinations, singe they preformed 
by adding together the two adjacent members of the .pre- 
ceding series; thus when « is 3, 1 combination giving the 
number 0 and 3 the numbers, these two combinations, being 
again respectively combined with 9 and 0 of a fourth counter, 
give 1 -f 3 = 4, for the combinations affording the number 2 
in the next series ; while each succeeding series must continue 
to begin and end with unity, since there is only one combina- 
tion that can afford either of the extremes. 

In order to continue the calculation with greater conve- 
nience, we must find , a general expression for the middle 
terms, 2, 6, so, 70 ■ • negiecting the odd values of n. The 
first, 2, is made up of (1 + 1), the second, is 3 (s -f. 1) ; 

20 is 2 (6 -f 4)) and 70 =5 2 (so-J- 15): or6= 2 (3.|),2o= 

3 (fi . f ), 70 5= 2 (20 . 1), whence the series may easily be 
continued at pleasure, multiplying always the preceding 
term by f, .U, . . . We have also 6=16. |s= 2*. 

20=s2*, -^, and 7o=2*,-//|' i consequently the terms of 
this seriesi divided by 2% will always express the mean errom 
already- calculated. , From this value (rf the middle term we 
may ea^ly deduce that of the neighbouring terms by means 
of the original 

MDCOcm. -■ L' ■' ' ' '■ , 
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first factor less than unity being always -ij-j = 

- ^ I -f 

n 

magnitude of the mean error is exhibited in the annexed 
table. 

. ^ The general expression for this series 

being f . i - f ’ it is obvious that if we 

a .500000 ” 

4 .375000 multiply it by|.:^. the product will be 

6 ^313500 , whatever the value of n may be: and 

8 .373437 when that value is large, the factors of these 

10 .346094 two expressions will approach so near to 

15 .335586 each other that they may be considered as 

14 .S09473 equal; consequently the corresponding terms 

16 .196381 of either, taken between any two large va- 

j8 .185471 lues of », will vary in' the subduplicate ratio 

30 .176196 of n, since their product, which may be con- 

30 .144466 sidered as the square of either, varies in the 

4Q ^125363 simple ratio of ^ so that the mean error may 


3 .500000 

4 *375000 

6 ^313500 

8 *273437 

10 .346094 

15 .335586 
14 .309473 

16 .196381 
j8 .185471 
so .176196 
30 .144466 

40 ^1125363 

50 .113371 

60 .103574 
70 .095033 
So .088934 
90 .083868 
ioo .079586 


ultimately be expressed by The va- 


60. .103574 lue of p evidently approximates to that of 

70 .095033 the quadrant of a circle, of which the radius 

So .088934 is unity : thus for =s: 10 it is 1.651s, and for 

90 .083868 « = 100, 1.5788, instead of 1.5708 ; and the 

ioo .079586 ultinaate identity of these magnitudes has 

been demonstrated by Ecler and others, (See Mr. Her- 
;. 4e||^’s Treatise omSeries, in Lacroix, Engl. Ed, n. 410.) 

tbus/ound,,muh^^ s*, gives themumber 

term> in which the 
even; and the, whole number'' of 
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combinations being also s", it is obvious that the fraction 
alone must express the probability of a result totally free 
^from error. The neighbouring terms on each side, for 
« = 100, are .078025, .073534, and '.066588, the sum of the 
7 being .515860 ; and since this sum exceeds f-, it is obviously 
more probable that the result of 100 trials will be found in 
some of these seven terms, than in any of the remaining 94, 
and that the mean error will not eitceed ■^. When n. is so 
large, that the terms concerned may be considered as nearly 
equal, the factors • • •» expressed by 1 — 

1 — - , 1 — — and the terms themselves by 1, 1 — 
Lj 1 — 1,1 — ~ • the negative parts forming the series 

1 (1, 4, 9 . . .) of which the sum, for q terms, is~(|-9’4-j 

..j. I gf) or ultimately^ consequently if we call the 
middle term we must determine q in sudfcua manner as to 
have « (39 - = | — and ^ (1— ~ 9“) = 1 — i; 

but e has been already found, in this case, = and ne- 
glecting at first the square of q, we have q = ^ V{pn) — 
and = whence 1 q* = ^^,and i - .93455? 

hence, for a second approximation, .93455 ? ' — |, and 

q = .3674 V{pn) ~ -53 ; and by continuing the operation we 
obtain .9335 gf = 1 arid q =* .271 V{pn) — .54 ; con- 
sequently the probable error, being expressed by will be 

.54a y I — ^ This formula, for « =s= 100, 

becomes : ,657 fo¥ « » lobooi :bo679 .00011 =a 

,00668.',' . ' 
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We- imist not, however, lose sight, in this calculation, ot' 
the original condition of liability to a certain constant error in 
each trial. For example, we may infer from it, that if we 
made lOo observations of the place of a luminary, each dif- 
fering 1' from the truth, but indifferently on either side of it, 
the error of the mean result would probably not exceed 
. i'== 3.6"; and that in looo observations it would probably 
be reduced to about a second. Now although, in the methods 
of observing which we employ, the error is liable to consi- 
derable- variations, yet it may be represented with sufficient 
accuracy, by the combination of two or more experiments in 
which the simpler law prevails. For example, the combina- 
tion of two counters, such as have been considered, is equiva- 
lent to the efiPect Of a die with four faces, or a tetraedron. 


marked o, 2, 2, and 4, or with errors expressed by 1, o, o, 
and— 1 ; the combination of three counters is represented by 
a die having eight faces, or an octaedron, with the errors 1, 
h f ^ -I* *“■ '§'» —1 J and the combination of four, by 

a solid of sides, With the errors i,4xi,6KO,4x“^|-, — i. 
These distiibutions evidently resemble those -which are gene- 
rally found bo take place ipi the results of our experiments; 
and it is of the lessconsecfuenoe to represent them with greater 
accuraqyj since the minute steps, by which the scale of error 
-varies, have no sensible effect on the result, especially when 
the number of observations is omsiderable; If, for example, 
^ead ot two tfialis with the tetmcedron, having the errors 


w 4 made two w of 21 faces, 

.8 .'.'tOr-l, 
combinations would'; 
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vary from .375 to .349 ; and in a greater number of trials the 
errors would approach still nearer to equality. 

Now in order to employ any of these suppositions for the, 
purpose of calculation, it is only necessary to compute tbe 
corresponding mean error, and to make it equal to the actual 
mean error of a great number of observations. Thus, if we 
consider each observation as representing a binary combination 
of counters or constant errors, in which the mean error is 
and adding together the differences of the several results from 
the mean, and dividing by their numbers, we find the mean 
error of 100 observations 1', we must consider the original 
constant error as equal to 3^, which is to be made the unit for 
200 primitive combinations ; and ^ ~ = .04,36 ; and 

the probable error of the mean will be .0436 x 120 =: 5.1^'. 
For a quaternary combination, if the error, which amounts to 
f, be found 1', the unit will be \\ and for n =s 400, we have 
.03125 X 5.0". And if we set out with a large number 
m of combinations, the mean error being = ff, the unit 
will be e {pm) = 1, and the probable error of nm trials 
being equal to this unit multiplied by .542 y';—, neglecting 

the very small fraction we have .542 e V {pm) ^ 

•54® ^ ^ ™ ’^5^4 ^ = which, if g be 1*^ and n = 100, 

gives again 5.1''. It appears therefore that the supposition, 
respecting the number of combinations representing the scale 
of error, scarcely naakes a perceptible difference in the result, 
after the exclusion of the constant error : and that we may 
safely represent the probable error of the mean result of n 
observations; by the expression .85 e being the mean of 
all the abtual errors. : „ 
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We might obtain a conclusion nearly similar by considering 
the sum of the squares of the errors, amounting always to « a“ : 
but besides the greater labour of computing the sum of the 
squares of the errors of any series of observations, the method, 
strictly speaking, is somewhat less accurate, since the amount 
of this sum is affected in a slight degree by any error which 
may remain in the mean, while the simple sum of the errors 
is wholly exempted from this uncertainty. In other respects 
the results here obtained do not materially differ from '^those 
of Legendre, Bessel, Gauss, and Laplace : but the mode of 
investigation appears to be more simple and intelligible. 

It may therefore be inferred from these calculations, first, 
that the original conditions of the probability of different 
errors, though they materially affect the observations them- 
selves, do riot very greatly modify the nature of the conclu- 
sions respecting the accuracy of the mean result, because their 
effect is comprehended in the magnitude of the mean error 
from which those conclusions are deduced : and secondly, 
that the error of the rnqan, on account of this limitation, is 
never likely to be greater than six sevenths of the mean of 
all the errors, divided by the square root of the. number of 
observations. But though it is perfectly true, that the pro- 
bable error of the mean is always somewhat less than the 
mean error divided by the square root of the number of 
obseryatibiis, provided that no constant causes of error have 
ex^^isted ; it is still very seldom safe to rely on the total absence 
causes ; especially as our means of detecting them 
.;;aSi^;i^||ip3ited -by, the / accuracy ; of our ,, observations,, not 
; ' tile ^ to ' equal errors , on' 

-1;' cither when we are comparing a series 
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■of observations made with any one instrument, or even by 
any one observer, we can place so little reliance on the absence 
of some constant cause of error, much greater than the pro- 
bable result of the accidental causes, that it would in general 
be deceiving ourselves even to enter into the calculation upon 
the principles here explained : and it is much to be appre- 
hended, that for want of considering this necessary condition, 
the results of many elegant and refined investigations, relating 
to the probabilities of error, may in the end be found perfectly 
nugatory. 

These are cases in which some little assistance may be 
derived from the doctrine of chances with respect to matters 
of literature and history: but even here it would be ex- 
tremely easy to pervert this application in such a manner, as 
to make it subservient to the purpose of clothing fallacious 
reasoning in the garb of demonstrative evidence. Thus if we 
were investigating the relations of two languages to each 
other, with a view of determining how far they indicated a 
common origin from an older language, or an occasional 
intercourse between the two nations speaking them, it would 
be important to inquire, upon the supposition that the possible 
varieties of monosyllabic or very simple words must be 
limited by the extent of the alphabet to a certain number; 
and that these names; were to be given promiscuously to the 
rame number of things, what would be the chance that i, e, 
3 or more of the names would be applied to the same things 
in two independent instances. 

How we shall find, upon eonaideration, that for « names 
and » things, the whole number of cbmbihations, or rather 
permutations of the whole nomenclature would be niss liS. 
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3 . . and that of these the number in which no one name 

agreed would be — ;z . — • -y- . 

^ . . — « . ; each term expressing the number of agree- 

ments in n,n~—i, «— 3 . . . instances only, and being made 
up of all the combinations of so many out of n things, each 
occurring as many times as all the remaining ones can dis- 
agree. Hence we may easily obtain the successive values of 
a from each other, the first being obviously i, as a single 
name can only be given in one way to a single thing, there- 
fore, 

a, = i 

= 2 ■— I S 1 

aj = 6 — I— 5 = 2 

= 24— I — 6— 8 = 9 
= ISO— I- 10— 20 — 45 = 44 

#5 = 720—1—15 —40- 135 — 264 = 265 

^7 = 5040— I— 21— 70—315—924—1855 = 1854 

tfg = 40320 — 1—28 — 1 12— 630— 2464 — 7420 — 14832 = 14833 

= 362880 — I — 36 — 168—1134 — 5544— 22260 — 66744— >33497 = 133496 
<1,0 = 36*8800—1 — 45—240—1890 — 11088 — 55650 — 222480 — 667485— 1334960 

= 1334961 

From this computation it may be inferred, that, for lo 
names, the probabilities will stand thus : 


No coincidence 

.367880 

One or more 

.633130 

One only 

.367880 

Two or more 

.364340 

Two only 

•i 8394 fi 

Three or more 

.680300 

Three only 

.061309 

Four or more 

.018991 

Four only 

•o» 53 S 6 

Five or more 

.003655 

Five only 

.003056 

Six or more 

.000599 

Six only 

.000531 

Seven or more 

.000078 
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Seven only .000066 Eight or more .00001a 

Eight only .00001a Nine or Ten .0000003 

The same results may be still more readily obtained from 
the supposition that w is a very large [number ; for then, the 
probability of a want of coincidence for a single case being 
the probability for two trials will be and for the 

whole K, — -^J”: but the hyperbolical logarithm 

of 1 — ^ being ultimately — - , that of 1 1 — j“ will be — 1, 

consequently the probability of no coincidence will be 
= .3678794) : and if n is increased by 1, each of these cases 
of no coincidence will afford 1 of a single coincidence : if by 
two, each will afford one of a double coincidence, but half of 
them will be duplicates ; and if by three, the same number 
must be divided by 6 , since all the combinations of three 
would be found six times repeated. We have therefore for 


No coincidence .3678794 
One only 
Two only 
Three only 
Four only 
Five only 
Six only 
Seven only 


One or more .6321306 = — 
.3678794 Two or more .2643412 + 

.1839397 Three or more .0803015 = “““ 
.0613132 Four or more .0189883 

Five or more .0036600 = jjy 
Six or more .0005943 = 

Seven or more .0000834 = t 5-§^ 
Eight or more .0000105 


.0153283 
. .0030657 
.0005109 
.0000730 


/9TJOO 

It appears therefore that nothing whatever could be inferred 
with respect to the relation of two languages from the Coin- 
cidence of the sense of any single word in both of them ; and 
that the odds would only be 3 to 1; ajgainst the agreement of 
two words : but if three words appeared to be identical/it 

MDCCCXIX, M 
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would be more than lo to i that they must be derived hi both 
cases from some parent language, or introduced in some other 
manner ; six words would give near 1 700 chances to 1 , and 
S near 100,000 : so that in these last cases the evidence would 
be little short of absolute certainty. 

In the Biscayan, for example, or the ancient language of 
Spain, we find in the vocabulary accompanying the elegant 
essay of Baron W. von Humboldt, the words berria, new ; 
ora, a dog; gucM, little; oguia, bread ; otsoa, a wolf, whence 
the Spanish onza ; and zazpi, or, as Lacroze writes if, shashpi, 
seven. Now in the ancient Egyptian, new is beri ; a dog, 
uhor; little; kudchi ; bread, oik; awo]f, uoNSH; and seven, 
SHASHP ; and if we consider these words as suiSficiently iden- 
tical to admit of our calculating upon them, the chances will 
be more than a thousand to one, that, at some very remote 
period, an Egyptian colony established itself in Spain : for 
none of the languages of the neighbouring nations retain any 
traces of having been the medium through which these words 
have, been convesred. ■ 

^ On the other hand;, if we adopted the opinions of a late 
learned antiquary, the probability would be still incomparably 
greater that Ireland was originally peopled from the same 
mother country : since he has collected more than ipo words 
which are certainly Egyptian, and wMch he cpnaders as 
bearing the same sense in Irish ? but the relation; which he 
has magnified into identity, appears in general to be that of a 
faint resemblance and tins is precisely an instance of a 
B^^^i^^whiich, it would be^^ d ourselves to attempt to 

■ calpulahPn, „ , .■ . ; 

nqmber,. which Is^ found-.tp he,';uv.t 
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disputably correct, may sometimes afford a very strong 
evidence of the accuracy and veracity of a historian. If the 
number were indefinitely large, the probability that it could 
not have been suggested by accident would ifmount to an 
absolute certaint}'’: but where it must naturally have been 
confined within certain moderate limits, the confirmation, 
though somewhat less absolute, may still be very strong. 
For example, if the subject were the number of persons 
collected together for transacting business, it would be a fair 
presumption that it must be between 2 or 3 and 100, and the 
chances must be about 100 to 1 that a person reporting it 
truly must have some good information ; especially if it were 
not an integral number of tens or dozens, which may be con- 
sidered as a species of units. Now it happens that there is a 
manuscript of Diodoriis Siculus, which, in describing the 
funerals of the Egyptians, gives 42 for the number of persons 
who had to sit in judgment on the merits of the deceased: 
and in a multitude of ancient rolls of papyrus, lately found in 
Egypt, it may be observed, that 42 personages are delineated, 
and enumerated, as the judges assisting Osiris in a similar 
ceremony. It is therefore perfectly fair to conclude from 
this undeniable coincidence, that we might venture to bet lOo 
to 1, that the manuscript in question is in general mere accu- 
rate than the others which have been collated ; that Diodorus 
Siculus was a well informed and faithful historian ; that the 
graphical representations and inscriptions In question do relate 
to some kind of judgment ; and lastly, that the hieroglyphical 
numbers, found in the rolls of papyrus, have been truly 
interpreted.,'; 
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2 . On tl^ mean density of the earth. 

It has been observed by some philosophers, that the excess 
of the density of the central parts of the earth, above that of 
the superficial parts, is so great as to render it probable that 
the whole was once in a state of fluidity, since this is the only 
condition that would enable the heaviest substances to sink 
towards the centre. But before we admit this inference, wc 
ought to inquire, how great would be the effect of pressure 
only in augmenting the mean density, as far as we can judge 
of the compressibility of the substances, which are the most 
likely to be abundant, throughout the internal parts of the 
structure. 

Supposing the density at the distance x from the centre 
to be expressed by y, the fluxion dy will be jointly propor- 
tional to the thickness of the elementary stratum, or to its 
fluxion — djT, to the actual density y, and to the attraction of the 
interior parts of the sphere, which varies as ; since the 
increment of pressure, and consequently that of density, 
depends on the combination of these three magnitudes : we 
have therefore —»dy= y da- an equation which will 
readily afford us the value of y in a series of the form i -f* 
.... 

In order to determine the coefficients, we must first find 
= ■§■ -2^ + i y 4- . . and multiplying this by 
(i ax^ bx* . . . ) dar, we obtain 

— ny=s — n — nax^ — nbx* — ncx* 

+ -\b 
' ^ 6 '' 
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Hence, by comparing the corresponding terms, we obtain 


c = 



a = 

‘—. i 66 QS 6 yn —' Logarithm, 

i-t 

00 

00 


.aaasaaaan— 2 

8.34.67875 

C = 

— .ooaflSgflow — 3 

7.4296867 

d = 

.000308 154,«— 4 

6.4887650 

e = 

— .oooo34,o74,3n — 5 

5.5334269 

/ = 

.ooooo367495«— <5 

45652514. 


— .oooooo389o86«— 7 

3 - 59 11 4.59 

i:a = 

.000000040fl2»““8 

2.60873 


— .oooooooo 4 ao?e -9 

1.62323 


— .ooooooooo^sw— * 0 

063353 . 


After the exact determination of the first seven coefficients, 
the next three are obtained with sufficient accuracy by means 
of the successive differences of the logarithms, compared 
with those of the natural numbers. 

It happens very conveniently, that the conditions of the 
problem are such, as to aferd a reitnarkable facility in deriving 
from this series another, which is much more convergent, and 
which gives us the hyperbolic logarithm of y; for since 
_ „ S' = and« = i X + i + f to' + . . .. 

if we multiply this by dtr, and take the fluent, we shall have 

HLj = (-^ X- + ^ «x* + ^ te*+ . . .J. ■ 

We may determine the degree of compressibility corres- 
ponding to a given value of ??, by comparing the equation 
— n .^ =3 dx or = dx^, with the properties Of the 

modulus of elasticity M, which is the height of such a column 
of the givensubsianee, that theincrement of density y,.occa- 
sioned by the jadditiwal weight of the increment af, is always 
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to y, as x' to M, or j' = whence — ^ ; conse- 
quently in the present case we have ~ ; and M = ^ : 

and if we make a: = i in the value of p, we shall obtain M in 
terms of the radius of the earth, considered as unity. When 
y is invariable, and n infinite, the density being uniform, p 
becomes f, and the mean density will always be expressed 
by gp, since the attractive force is simply as the mean den- 
sity : and if we divide ^p by y, w'e shall have the relation of 
the mean density to the superficial density. The results of 
this calculation, for different values of are arranged in the 
table, which will be found sufficiently accurate for the pur- 
poses of; the investigation, though not always correct to the 
last place of figures. ' , 


n 

> 

-Kit ^ 

M=- 

3j^, mean density 

y ' 

^,cofflp.deii. 

oo 

•.$3333 

00 

1.0000=1 

: 1.0000 

l.OQO 

1.000 

t 

.30290 

3.301 

.9087 

1.1005 

•855 

1.065 

JL 

» 

•27735 

1.803 

.8320 

1.2019 

•738 

1127 

■"i ' 

*35535 

’•305 

,7660 

1-3054 

.646 

1.185 


..83688 

1-055 

.7106 

1,4071 

•575 

1.24 

1 

''T. ‘ 

.aaogS 

.907 

.6617 

1.5111 

.510 

1.30 


.S0616 

.808 

.6185 

1.6168 

• 45 ^ 

1-35 

' 'x, 

T , - 

•194 

•736’ 

.582 

■ 1 • 73 ',' 

•419 

1.40 

7 

8 

.183 

.681 

•549 

■1.82 

•377 

1*45 

' :X 

.172 

.646 

.51^ 

1-94 

.346 

1-49 

c* 

.169 

•!^17 

.486 

2.05 . 

.320 

1.523 

CvT 

•»53 

•594 

•459 

2.16 

.298 

1-553 


.435 3.28 .28 1.57] 

in^n density are inserted, on aikiount 
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of the simplicity of the progression which they exhibit, being 
in the first instance precisely equal to 1 4.^, and varying 
but slowly from this value. 

Now if we suppose, with Mr. Laplace, the mean density 
of the earth to be to that of the superficial parts as 1 .55 to 1 , 
it appears from this table, that the height of the modulus of 
elasticity must be about .594; that is, more than is million 
feet, while the modulus of the hardest and most elastic sub- 
stances, that have been examined, amounts only to about 
10 million. It follows therefore, that the general law, of a 
compression proportionate to the pressure, is amply sufficient 
to explain the greater density of the internal parts of the 
earth ; and the fact demonstrates, that this law, which is true 
for small pressures in all substances, and with regard to elas^ 
tic fluids, in all circumstances, requires some little modifica- 
tion for solids and liquids, the resistance increasing somewhat' 
faster than the density ; for no mineral substance is suffi- 
ciently light and incompressible to afford a sphere of the 
magnitude of the earth, and of so small a specific gravity, 
■without some such deviation from the general law. A sphere 
of water would be incoraparably more dense, and one of air 
would exceed this in a still greater proportion : indeed, even 
the moon, if she is really perforated, as has sometimes beeii 
believed, and contains cavities of any considerable depth, 
would soon have absorbed into her substance the whole of 
her atmosphere, supposing that she ever had one. It may 
be objected, that the resistance of solids io actiial cornpres- 
sion may possibly be considerably greater than appears in 
our experiments, since we are npt absolutely certain that they 
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do not extend in a transverse direction, when we compress 
them in a longitudinal one, as is obviously the case with some 
soft elastic substances: but this objection is removed by the 
experiment on the sound of ice, which affords, either accu- 
rately or very nearly, the same resistance to compression as a 
portion of water confined in a strong vessel ; and this it could 
not do, if the particles of ice were allowed to expand laterally 
under the operation of a compressing force. 

Mr. Laplace’s conclusion, respecting the precise propor- 
tion of the densities, is indeed derived from another supposi- 
tion respecting their variation, and would be somewhat modi- 
fied by the adoption of this theory; it would not, however, 
be so materially altered, as by any means to invalidate the 
general inference. It would therefore be proper to revise 
the calculations derived from the lunar motions and the ellip- 
ticity of the earth, and to employ in them a variation of den- 
sity somewhat resembling that which is here investigated. 
Indeed without reference to the effects of compressibility, it is 
obyipnsly prolsahle that the density of the earth should vary 
naore oonsiderably in a given depth towards the surface than 
near the centte, although the calculatton, upon Mr. La- 
place’s more simple hypothesis, of a uniform variation, is 
much less intricate. It would however be justifiable, as a 
first approximation, to reject those terms of the series which 
would vanish if « and x were very small, and to makey ss i 
-4- ax*; and, indeed this fijrmula has in one respect an ad- 
over the series, as it seems to approach more nearly 
in expressing a resistance somewhat 
,the,l^t|^,;w^^ -density 'is ' most aug- 
the; superficial density be: -to. 'the 
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mean as i to g, ^ whence az=s — ? and if q = 

1.55, ^=: — .58, affording an expression which is, in all pro- 
bability, accurate enough for every astronomical purpose. 

If the variation of density were supposed to proceed equably 
with the variation of quantity, it would obviously be as the 
square of the distance from the centre, and the density would 
be as 1 — the mean density being found at the surface of 
a sphere containing half as much as the whole earth; and 
this might be considered as the most natural hypothesis, if we 
disregarded the effects of compression : but the arithmetical 
progression of densities, from the centre to the surface, seems 
in every way improbable. 

3. On the irregularities of the earth’s surface. 

A. If we suppose the plumb line to deviate from its general 
direction on account of the attraction of a circumscribed mass, 
situated at a moderate depth below the earth’s surface, the 
distance of the two points of greatest deviation from each 
other will be to the depth of the attracting point as a to 1/ 3. 

Let the magnitude of the additional mass be to that of the 
earth as a to 1, and let its distance from 
the centre be b; then supposing the 
earth a sphere, and its radius unity, and 
calling the angular distance of any point 
from the semidiameter passing through 
the mass x, the linear distance from the 
mass will be ( Px + — 6)*) 

y ( f®a: (1 Hh 

6“-— zbgx)x coiisequentiy the disturbing attraction ivill be 
but the sine of the angle subtended by the ftk) 

MDcccxix.' "''N 




Dr. Young's remarks on the reduction 


centres of attraction will be to their distance h as fx to the 
oblique distance v/ ( i ; it will therefore be ex- 
pressed by 5 

angular deviation of the joint force from the radius will be to 
the line measuring the disturbing force as this last sine to the 
radius, the difference of the third side of the triangle from 
the radius being inconsiderable ; consequently the deviation 

» A 

will be every where expressed by Now 

in order to find where this is greatest, we must make its 

fluxion vanish, and o = t • ; ■ 

gx (i + b ^ — sfcpx) = s6f ®x, shg^x — s6p®x + (i -f. gx sa gb, 

4. pxasg, and px == •/ (3 + [^Y) — 


making 6; 


c, becomes i± lz |f +/ 


and c being very small, px will be v/ 1^4, -f- ^ i — -^= 

® + — whence fx=:v/(i-[i-.« 

+-S-)=?w- “ ““p‘y “d 


B. The sine of the greatest deviation of the plunib line will 
amount to fi?=ss .385 a being the disturbing mass, and c 
its depth. 


Since gx 


'» ,s6px as e6 and 1 4"! bh‘ 


whence d = s= ^ 


I c® ; and a6fx becomes 


zai^b , 

■v/a? cc 


a>/i . 


, or simply 


^ y ( -385 •j) , If the 
' densi^i'|i^||idpdhl^i.'';thv^^ ; the 'extent ' of' a:' sphere 
muchfiig the ^®]^ce^ the radius being r, we should 
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have and d = .385c, and c == z.Sd : but this is a much 

greater increase of density than is likely to exist on a large 
scale : so that c must probably in all cases be considerably 
greater than this. 

C. The greatest elevation of the general surface above the 
sphere will be , on the supposition that the mutual attrac- 


tion of the elevated parts may safely be neglected. 

The fluxion of -the elevation is as the iluxion of the arc 
and as the deviation d conjointly; it will therefore be ex- 
pressed by ' ' \3 ‘ Now the fluxion of " 1 

is — i ({+lb^2b^x Yl> consequently the fluent of the elevation 
will be -■ 17 " " r -x ' ^nd while cx varies from 1 to — this 

Vii+hb — zh^x) » 


fluent will vary from to the difference being a 

- ri?) = “ ( ; - “ (SSj ’ T- “ 

an extremely small fraction. This quantity comprehends 
indeed' the depression on the remoter side of the sphere, 
which would be required to supply matter for the elevation ; 
but it is obvious that such a depression must be wholly 
inconsiderable. 

D. The diminution of gravity to the centre at the highest 
point is while the increase from the attraction of the 


disturbing mass is nearly which is greater in the propor^ 
tipn that half the radius bears tpc. 

E. The increase of gravity j at the point of greatest devia- 
tion,, is to the deviation itself, or its sine d, as i/a to 1, 

For the deviation is the measure of the horizontal attrac- 
tion of the'disturhing mass, which is to its vertical attraction 
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as ix to or as 1/ I to 1, Thus if d were 5", or the 

horizontal force would be , and the acceleration 

of a pendulum or 1.5" of time in a day. It is true that 
a part of the deviation might depend on a defect of density as 
well as on an excess; but this defect could not amount to 


any great proportion of the whole, while the excess above 
the general density might easily be much more considerable, 
so that the acceleration of the pendulum could scarcely be 
less than a second in a day, if the greatest deviation of the 
plumb line were 5"; and if the deviation were 5" at any other 
place, there would be a greater acceleration than a second at 
a point more or less remote from it. 

F. If there were an excess of density on one side, and a 
deficiency on the other, so as to constitute virtually two 
centres of attraction and repulsion, and supposing their dis- 
tances to be equal, and such as to produce the greatest devia- 
tion, if the excess of density were twice as great as the 
deficiency, a deviation of 5" would correspond to an accelera- 
tion of half a second ; if 3 times as great, to f if 4 times, 
to and if five, to a second. 

: It may perhaps be considered as an omission in this calcu- 
lation, that the attraction of the parts of the earth's surface, 
elevated by means of the irregular gravitation, has not been 
included in it. Biit it depends on the supposition that we 


may adopt respecting the cause and date of the irregularity, 
lifiiether or no we ought to consider it as likely to have occa- 


>udh a general eleyatipn ;: and it does not appear that 
^ materially' alter, our 

be.^ somewhat laborious,, to' 'go 



9$ 


oj experiments on the pendulum. 

through all its steps with precision. It would indeed be so 
much the more superfluous to insist on this minute accuracy, 
as variations so much more considerable in the form of the 
earth's surface are commonly neglected : for example, in the 
allowance made for the reduction of different heights to the 
level of the sea, which has usually been done without any 
consideration of the attraction of the elevated parts, interposed 
between the general surface and the place of observation. It 
is however obvious, that if we were raised on a sphere of 
earth a mile in diameter, its attraction- would be about 
of that of the whole globe, and instead of a reduction of 3^5- 
in the force of gravity, we should obtain only ^iso ^ three 
fourths as much : nor is it at all probable that the attraction 
of any hill a mile in height would be so little as this, even 
supposing its density to be only two thirds of the mean density, 
of the earth : that of a hemispherical hill would be more than 
half as much more, or in the proportion of to 1 ; and it 
may easily be shown, that the attraction of a large tract of table 
land considered as an extensive flat surface, a mile in thickness, 
would be three times as great as that of a sphere a mile in 
diameter: or about twice as great as that of such a sphere of 
the mean density of the earth : so that, fora place so situated, 
the allowance for elevation would be reduced to one half : 
and in almost any country that could be chosen for the expe- 
riment, it must remain less than three fourths of the whole 
correction, deduced immediately from the duplicate proportion 
of the distances from the earth's centre. Supposing the mean 
density of the earth 5,5, and that of the surface 2.5 only, the 
correction, for a tract of table land, wiU be reduced to 
.|i =; ..g., or ^ of the whole. 
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4,. Euler’s formula for the rolling pendulum.. 

I beg leave to observe, in conclusion, with regard to Mr, 
Laplace’s theorem for the length of the convertible pendulum 
rolling on equal cylinders, that its perfect accuracy may 
readily be inferred, without any limitation of the form of the 
pendulum, or of the magnitude of the cylinders, from the 
general and elegant investigation of Euler, which also 
affords us the proper correction for the arc of vibration. This 
admirable mathematician has demonstrated, in the sixth volume 
of the Nova Acta Petropolitana, for 1788, p. 145, that if we 
put k for the radius of gyration with respect to the centre of 
gravity, a for the distance of the centre of gravity from the 
centre of the cylinder, c for the radius of the cylinder, for 
^*-j- a^d h for the sine of half of any very siraall arc 

of semivibration, we shall have, for the time of a complete 
oscillation, ultimately, if 6 cs 0, 

only, which, for a simple pendulum, of the length «j, 
k and r both vanishing, becomes and for any other 
length/, consequently, making we have 

and «*“-• Now if we 

find another value of a, which will fulfil the conditions of the 
equation, all the other quantities concerned remaining Unal- 
tered, and add the two values together, we shall have the 
distance of the centres of the two cylinders correspond- 
to the length I of the equivalent pendulum; but since 
' 2^)>;S=a; ---.I? ;we have'«’— f / — r s=s + -/ . 1 

the.'sura"of'the two values of 
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a must be / + ac, that is, the distance of the centres of the 
cylinders must exceed the length / by twice the radius, and I 
must be precisely equal to the distance of their surfaces. 

Believe me, dear Sir, 

very sincerely your’s, 

THOMAS YOUNG. 


Welbeck Street, 29 Dec. i8i8. 
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VI. On. the anomaly in the variation of the magnetic needle as ob- 
served on ship-hoard. By William Scoresby,,;««. Esq. Com- 
municated by the Right Hon. Sir Joseph Banks, Bart. G. C. B, 
P. R. S. 

Bead February 4, 1819. 

The anomalies discovered in magnetical observations con- 
ducted on ship-board, were usually attributed to the imper- 
fection of the azimuth compass, until Captain Flinders, in 
his modest and enlightened paper on this subject, published 
in the. Philosophical Transactions, suggested that they were 
probably owing to the concentration of the magnetic influence 
of the iron, made use of in the construction of the ship. The 
truth of this suggestion, and the accuracy of his observations, 
have since met with full confirmation, and his practical rules 
founded thereon have received additional support, from the 
“ Essay" of Mr. Bain “ on the variation of the Compass," 
published last year. 

As I have been materially anticipated by Mr. Bain, in a 
series of observations on the variation of the compass,* which 

♦ The azimuths contained in the following table were taken> either by the needle 
of a theodolitCj^ dr by a compass fitted up at sca> for the purpose# with a card made 
extremely light# and a bar fastened edgewise to it# by two brass screws# a a# as in 
the annexed sketch* The compass being small, the card light, and the needle very 
powerful, owing to the thickness of its ends, it performed considerably better than an 
^^sivc azimuth compass of larger dimensions, which indeed was so sluggish and 
eiTO^us in its indications, that I could make no good use of it* 
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I conducted on the coast of Spitzbergen, in the years 1815 
and 1817, it will be unnecessary here to enter into the detail 
of these observations or enlarge upon the probable cause of 
the anomalies observed ; it may be sufficient to give a table 
of the most accurate of my observations, and annex to it the 
few general inferences which were drawn from it, during the 
voyage in which most of the observations were made, together 
with such remarks on each inference as seemed to me calculated 
for its elucidation. I shall, however, just premise, that I Sm 
not unconscious of the great liability to error in observations 
of this kind, and of the variety of causes ( arising out of the 
unequal distribution of iron in different ships, whereby nu- 
merous local attractions are formed ) which contribute to the 
multiplication of those errors : it is, therefore, with the greatest 
deference that I submit these deductions, particularly as I 
conceive it will require observations to be made under a vast 
variety of circumstances, and in many different vessels, be- 
fore correct and satisfactory conclusions can be drawn. It is 
only then as a step towards facilitating such general conclu- 
sions, the importance of which to our maritime concerns is so 
obvious, that I presume to offer these observations and re- 
marks. 


•MDCCCXIX. O 
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variation of the magnetic needle. 

From these observations, and from the assistance afforded 
by the lucid remarks of Captain Flinders, the inferences 
which follow are deduced. 

1. In the construction of every ship, a large quantity of 
iron being used, the portions thereof which have a perpen- 
dicular position, such as standard and hanging knees, the nails 
and bolts in the deck, the capstern spindle, flukes of the 
anchors (when at sea), chain-plates, iron stanchions and riders; 
the eye bolts, transom bolts, joint bolts, &c. of gun carriages, 
and possibly the upper surfaces of the guns themselves, &c. &c. 
have a tendency to become magnetical, the upper ends being 
smth poles and the lower north poles, in this hemisphere, 
where the north end of the needle dips, but the contrary in the 
southern hemisphere, where the south end of the needle dips. 

a. The combined influence of the iron distributed through 
all parts of the ship, seems to be concentred into a kind of 
focus of attraction, the principal south pole of which 
being upward in the northern hemisphere, is probably situ- 
ated, in general, near the middle of the upper deck, but 
nearer to the stem than the stern. 

Wrought iron having a much greater attraction for the 
magnetic needle than cast iron, the anchors, which usually 
lie about the bows, possess much more influence than guns; 
hencC j the focus of attraction lies nearer to the bows than to 
■ the stern. 

3. This focus of attraction so influences the ebmpjass needle, 
thatit ijs subject to ah momdly> or yamtipn ifeom ^ true 
mehdi^^ what Js observe . by a compass on 

point, of 'the; compass heing constantly 
^rawn towanlsilhi which appears to be a 
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south pole in north dip; and the south point being attracted 
in south dip, where the focus of attraction probably becomes 
a north pole. 

The phenomenon of a ship appearing to lie nearer the 
wind when beating to the northward, with the wind at north, 
than when beating to the southward, with a southerly wind, 
was observed by my father at least so years ago; which phe- 
nomenon he attributed to the “ attraction of the ship upon 
the compass;” and ever since the year 1805, I have been in 
the habit of allowing only s to points variation on the 
passage outward to Greenland, with a northerly or north- 
easterly course, but generally 3 points variation on the home- 
ward piassage when the cpurse steered was S. W. or Si W. 
b. W. Without this difference of allowance, a Greenland ship 
outward bound will be generally found to be to the eastward 
of the reckoning, and homeward bound will be even 4 or 5 
degrees to the eastward of it. 

4. This anomaly in the variation of the compass, occasioned 
by the attraction of the ircHti in the ship, is iiable to change 
with every alteration in the dip bf the needle, in the position 
of the compass, or in the direction of the ship's head. 

If the intensity of the terrestrial magnetism be not equal 
in all parts of the globe, then the anomaly in the variation of 
the compass will he also liable to change with every altera- 
tion in the magnetic influence of the earth. This is a point 


;of such importance, I wnceiye; in t^^^ 

“ ^ I waf very an^tious to procurd a dipping needle on my 
to Greenland, the mag-^ 

' is irifluenced> 

“ f |KJIe, than it k in En 
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If it be equal, the oscillations of the same dipping needle 
would be performed, circumstances as to temperature and 
“ local attraction" being the same, in equal spaces of time in 
both places 5 but if the magnetic power in either place be 
greater, the oscillations of the needle would there be quicker. 
The number of vibrations of a horizontal needle, performed 
in a certain space of time in Greenland, is to the number per- 
formed in an equal space of time in England as 5 to 6, each 
longer vibration in England being performed in 5 seconds, and 
in Greenland in 6. No alteration was observed in the time 
required for each vibration, whether the temperature was high 
or low, but I think in a low temperature the vibrations per- 
formed by the needle before it stopped were fewer. 

5. The anomaly of variation bears a certain proportion to 
the dip of the needle, being greatest where the dip is greatest, 
diminishing as the dip decreases, and disappearing altogether 
on the magnetic equaton 

Captain FLiNbERs ascertained, that the medium error or 
anomaly for 8 points deviation of the Investigator’s head, on 
either side of the magnetic meridian, was very nearly of 
the dip, .05 the decimal expression of which, he considered to 
be the common multiplier to the dip, for obtaining the radius 
of error at any situation in the southern hemisphere; and .05^ 
to be the common iriuitipiier, from England to the maghdic 
equator. This, hov?evef, can only be correct within' certUm 
limits, as on the mimetic pole, whereThe anomu^^ 
proiKtbly be equal fb the dip, br po% the dfecim multiplier 
tvbmd be'increas^' to'-i'.ipi'r,' lieh^' •it'''hab-',been, 

suggeyed^ hy 'im the yeSsels now in 

search of a hbrth-West ^^s^ge^ % in those parts of; the 

globe where the d%; Is 50%^ t^ needle wotid pm- 
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bably always stand N. and S., by the attraction of the ship. 
This position clearly follows from the inference above, pro- 
vided the compass be placed near the ship's stern in midships ; 
but if placed as described in inference No. 8, the ship’s head 
by the compass on the starboard side of the main deck, would 
always appear to be east, and on the larboard side west. 

6 . A compass placed near the stern, amidships of the 
quarter-deck, is subject to the greatest anomaly or deflection 
from the magnetical meridian, when the ship's course is about 
west or east; because the focus of attraction then operates at 
right angles to the position of the compass needle; but the 
anomaly disappears when the course is about north or south, 
because the focus of attraction is then in a line with, or parallel 
to, the compass needle, and consequently has no power to 
deflect it from its direct position. [See Observations, No. 4, 
10, 11, and le of the prefixed table. ^ 

This situation for the binnacle is deemed one of the best in 
the ship, and is very propeily preferred. Being abaft the 


^us # tbev in this 

maghetie hemispiiere* iS; always attracted forward^ and the 
errors at equal distances from the magnetic meridian, in the 
same dip, are alike in quantity both on easterly and westerly 
courses, afijd alwaystowards the north; the correctioni when 
applied to the apparent course, must therefore be towards the 
i^uth, to give the true course steered. Thus in high north- 
ern latitudes> where; thcfanoinal^^^^ (;say 80% or io de- 

Is^.on each side cf the magne^^^^ a ship steering 

:: ^^^^A q,compa^ I'ppJeagqeSs-apd^fh^ east -ipo leagues, 

.-she startedi^ ; wpl' 

':be: df.it.-; /. : " ^ 

^ y, the aimpass m the position 
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last described, being ascertained by observation, the error 
on every other point of the compass may be easily, calcu- 
lated ; the anomalies produced by the attraction of the iron 
in the ship, being found to be proportionate to the sines of 
the angles between the ship’s head and the magnetic me- 
ridian. 

Captain Flinders’s rule is — As the sine of eight points (or 
radius ) is to the sine of the angle between the ship’s head and 
the magnetic meridian (or sine of the course reckoned from 
south or north) so is the anomaly found at east or west by 
observation, to the anomaly on the course steered ; or, 
the anomaly on any other course being found by obser- 
vation, the error on that position of the ship’s head “ would 
be to the error at east or west, at the same dip, as 
the sine of the angle between the ship’s head and the mag- 
netic meridian, to the sine of eight points, or radius.” 

8, A compass placed on either side of the ship’s deck, di- 
rectly opposite to, or abreast of, the focus of attraction, gives 
a correct indication on an east or west course, but is subject to 
the greatest anomaly when the ship’s head is north or south; 
and being here nearer the focus of attraction, the anomaly 
is much greater than that observed on an east or west course 
with the compass placed in the binnacle near the ship’s 
stern. 

Tiiis inference is founded on observations. No. 1, 2,g, 8, 9, 
13,, 14,; 15, 16, and 17, of the prefixed table. The latter part 
of the inference, namely, that the greatest anomaly occurs 
here when the ship’s head is north or south, is fully and 
unifomaly established ; but the former part rests only on 
the authority of observations No. 8 and 9, though it derived 
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additional support from several observations which 1 have ex- 
cluded, because neither the sun, nor any other distant object, 
calculated for proving the accuracy of the observations and 
determining the clear effect of the “ local attraction,” was 
visible - 

9. A compass placed within six or eight feet of a capstern 
spindle, or anchor, or other large mass of wrought iron, fore- 
goes, in a great measure, the influence of the focus of attrac- 
tion, and submits to that of the nearer bodv of iron. 

The effect of this is various, according to the relative posi- 
tion of the compass and the iron. When the compass is placed 
directly abaft the body of iron, the influence is similar to, but 
greater than, that of the focus of attraction on a compass 
placed near the stern, as described in inference No. 6 . [^See 
Table of observations prefixed. No. 6 and 7.3 When placed 
directly b^ore it, the anomaly is similar in quantity, but has 
its sign reversed; and when placed on either side of the mass 
of iron, the influence corresponds more nearly with that of 
the focus of attraction on a compass placed in the sides of the 
ship opposite to it, as described in inference No. 8. A com- 
pass placed upon the drum headoi the capstern, any where out 
of the centre, will have its north point so forcibly attracted 
by the upper end or south pole of the spindle, that the ship's 
head may be made to appear to be directed to any point what- 
ever, at the pleasure of the experimenter. I have sometimes 
excited the astonishment of my officers by taking the binnacle 
compass and so placing it on the capstern head, that the ship 
has appeared to be steering a course directly contrary to that 
intended. 

10. When die iron in a ship is pretty equally distributed 
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throughout both sides, so that the focus of attraction occurs 
in midships, a compass placed on the midship line of the 
deck (drawn longitudinally) will be free from any anomaly 
from one end of the ship to the other, when tl;ie course is 
north or south; but on every other course an anomaly will 
generally appear, increasing as the angle between the ship’s 
head and the magnetic meridian increases, until the error is at 
a maxinium,' when the course is east or westi , _ 

The unequal distribution of iron in the ship, on board of 
which I made all my experiments, prevented the above effect 
from being realized, ,A blacksmith’s shop was situated be-* 
tween decks, on the larboard side of the fore hatch wa}^ It 
was lined with sheet iron, and besides the armourer’s forge, 
vice, &c. contained a large quantity of other iron. The effect 
of this, together with the anchors, windlass necks, and other 
iron, was very remarkable on a compass placed in different 
parts of the deck near the foremast. fSee Observations, 18, 
19, and so of . the prefixed table. 3 
11. As a compass placed on the midship line of the deck is 
subject to no anomaly fore and aft, in certain ships, on a north 
or south course ^Inference No. lo^, 'and as a compass in 
either side of the ship, opposite to the focus of attraction, 
shows no anomaly on a west or east course ^Inference No. 8]], 
the intersection of the line joining the two situations in pppo- 
site.sides of tho ship with the midship line traced fore and aft, 
Wpl j^bbably point put a situation <firectly oyer the top of 
thefpchaofath’acfidh, where aiiyoourse What- 

The llsit* in which Iinade ray raagnetical observations, h^j^ 

near, the larboard'ho^s- 
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which with the varying position of large quantities of iron 
work, composing our whale fishing apparatus, contributed to 
vary this point where no anomaly is supposed to exist, and 
prevented me from ascertaining satisfactorily, at any time, its 
precise situation. I made indeed but very few observations 
with this view, and these I find neither establish nor refute 
the inference. 

IS. The anomaly of variation is probably the greatest in 
men of war, and in ships which contain large quantities of iron; 
but it exists in a very considerable degree also in merchant- 
men, where iron forms no part of the cargo, especially in 
high latitudes, where the dip of the needle is great. 

WILLIAM SCORESBY, Jun. 


Whitby, 3d November, 1818. 
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VII. On the genus Ocythoe; being an extract of a letter from 

Thomas Say, Esq. of Philadelphia^ to Wm. Elford Leach, 

Read February 4, 1819. 

I HAVE before me a specimen of ocythoe in an argonauta, 
forming part of the collection of the Acad, of Nat. Sciences. 
It was taken from the stomach of a dolphin, which was 
caught in soundings on our Atlantic coast, and is in the rnost 
perfect state of preservation, not having suffered the slightest 
decomposition from gastric action. 

It is sufficiently distinct from your O. Cranchii, as well as 
from the animal of nautilus sulcatus of Klein ; and if the figure 
given by Shaw of the animal of argonauta argo has any pre- 
tensions to accuracy, it is most probably an unknown species. 

I here attempt a description of it, and also submit a few 
remarks on the genus. 

OcythoS punctata. 

Body pale, punctured with purplish ; abdomen conic-com- 
pressed, vertical, semifasciate near the summit, with a pro- 
foundly indented transverse line; arms much longer than 
the body, attenuated, filiform at their tips, alated ; membranes 
rounded. 

Inhabits the Atlantic ocean near the North American coast. 

ikscrip. Abdomen cohical, slightly compressed, neatly 
vertical with i«sp^ disk of the vtitii a' pro- 

foiffidl;^ Indented transverse line, which extends half round, 
near the aummit. ./Sbww attenuated, much longer than the 
tiody, filiform upwards the fipj slightly varied with 
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inferior ones, when extended double the length of the body ; 
suckers alternate, becoming gradually smaller towards the 
extremities of the arras, where they are very minute ; mem~ 
branes of the anterior arms rounded or suborbicular, extending 
half way to the base of the arms ; periphery occupied by the 
attenuated portion of the arm, which near its extremity passes 
upon the disk of the membrane, and terminates abruptly near 
the base of the expansion ; the membrane is carinately de- 
current on the inferior surface of the arm, near the base of 
which it terminates ; the inferior surface of the membrane is 
brassy, and more numerously maculated than the superior 
surface, which is pale. 

Length from the disk to the tip of the abdomen 2 inches. 

— of the abdomen - - - i|- 

Greatest breadth ditto - - - i_i_ 

Length of the alated arms - - - jl 

of those of the opposite side 

Eggs subovate, attached to a delicate pedicle by a small 
basilar tubercle. These fill the involuted spire in the speci- 
men, besides a considerable portion of the body of the shell. 

The suckers are very like those of the O. Cranchii, but the 
arras are much more elongated, and the abdomen longitu- 
dinal with respect to the head. This animal seems to be not 
unfrequently the prey of some of the larger fishes, for in 
addition to the instance above mentioned, Bose informs us 
that in his passage between Europe and America, he found a 
specimen in the stomach of a Corypheena equiseliSf Gmel. but 
very much decomposed : and in the Museum of Mr. Peale, in 
this dty, a fine argonauta occurs, which was taken from the 
stomach of a shark. 
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With respect to the contested question relative to the 
parasitic nature of the animals of this genus, I believe the 
remark will hold good generally, if not absolutely, that those 
mulluscous animals that form the shell in which they reside, 
are more or less connected with it by muscular or membra- 
naceous attachment, or by the permanent spiral form of the 
posterior part of the body; and tjiat the body of the animal 
complies with the inequalities of the chamber of the shell, or 
rather that the shell is moulded upon the body, so as to be 
in contact with it in every part. So careful are they to fill 
the cavity to its very summit, that when from their increase 
of growth the apex of the shell is vacated in consequence of 
its straightness, either that part is removed by the animal, and 
additional calcareous matter is secreted to close the aperture 
thus formed, or it is permitted to remain, and the cavity is 
filled up by. the same secretion ; of the former process we 
have an instance in Bulimus decoUata; md of the latter many 
instances occur, familiar to the knowledge of conchologists. 
The Ocyihoe offers to our consideration a remote deviation 
from these ordinary laws which apply to the testaceous 
mollusca, inasmuch as it only resfdes in the last volution or 
body of the shell. In the specirrien above describe, the 
sides of the abdomen are j^lightly canalicalated,1n conformity 
vrath the sculpture of the inner lateral surface of the shell; 
brft it is worthy of remark, that the portion which, co^sponds 
wifii fihie mdst TO part of the {^amber; th^ cai^hllit 

alt Whibh fact Induces the sUpi^Slfibn that the 

sfeMl'db# ttpi fit the bo^, TOd of coursers not mad^ for 
, it* nOfheem j^c^bte that the body woul^ 
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be remote from the shell in one part, and impressed by its 
asperities in another. 

' Such also is the form of the inferior part of the abdomen, 
that it never could have revolved in the cavity of the invo- 
luted spire ; yet we have never been informed that the vacated 
spire has been either broken or solidified. Neither is there 
any attachment whatever between any part of the body and 
the including shfll, by an organ appropriated to that office. 
In consequence of this organization, the ocythoe cannot adapt 
itself to the form of the cavity in which it rests, or secure 
itself there so completely as the well known parasitic paguri 
are enabled to do, in consequence of the pliability of their 
vesicular abdomen, and by the agency of their terminal hooks 
or holders. Such observations seem to afford presumptive 
evidence of the parasitic nature of these animals. 

It does not appear to me probable that the Ocythoe ascends 
to the surface of the water by exhausting its shell of the in- 
cluded water ; for if this were the fact, those females whose 
shell is in great part filled with eggs, could not visit the 
surface. But the change of specific gravity is doubtless 
effected in its own body, by which it is enabled to sustain 
itself on the surface at will, or to descend to the bottom 
promptly at the approach of danger. 

The shells which in structure and appearance approach 
nearest to argonauta, are unquestionably to be found in the 
Pteropoda; and the examination of Carinaria, Atlanta and 
Bj^iroAeUa^ would almost lead us to suppose, that the artificer 
^ mgmmta is in reality of that division ; but if this suppo- 
sition bet indicated by the conformation of the shell, it does 
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not seem to be corroborated by the probable habits of the 
animal. All those hitherto discovered of that group, are 
known to swim at the surface of the ocean, and not being 
furnished with other organs of locomotion than fins, they 
cannot glide upon the bottom; we must therefore (analogi- 
cally) suppose this to have been the habit of the animal ; and 
yet it is hardly admissible that it should, in that case, have 
eluded the observation of voyagers, since the shell has not un- 
frequently been found in a state of occupancy by the parasite. 
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VIII. On Irregularities observed in the direction of the Compass 
Needles of H. M. S. Isabella and Alexander, in their late 
Voyage of Discovery, and caused by the attraction of the iron- 
contained in the Ships. By Captain Edward Sabine, of the 
Boyal Regiment of Artillery, F. R. S. &c. 

Read February i8, 1819. 

I T is proposed in this paper to show in what respects the 
effects of local attraction, in the above mentioned ships, were 
conformable to the observations which had been made in 
preceding voyages; and how far the errors, which were 
found to take place on different courses, and under different 
dips of the magnetic needle, corresponded with the rules for 
calculating corrections, which Captain Flinders had found 
useful in his own experience, and which he had recommended 
fqr a more extensive trial. 

It may be desirable to premise, that the irregularities here 
alluded to, are not those accidental disturbances which may 
be caused by iron placed inadvertently too near the compasses; 
but the permanent, and constant effect of tlie mass of iron 
contained in a ship, affecting its compasses at all tijtnes, and 
in a greater ot less degree, according as its influence is mdre 
or less powerful, in . comparison to the directive force of the 
eaith'a magnetism. That errors have always existed from 
be ihferired, ffpm iflie uncertainty which ex- 
, j]^8^p&'-|^.':attached to:, the,, results' of azimuths -observed' in' 
: sMi^ilHiii.l^^/iidWever«'a’Di)ears to have been'vervlon's!' 
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unsuspected, whilst its effects had produced a general impres- 
sion, that the azimuth compass was in itself an imperfect 
instrument, and only to be relied on within certain undefined 
and variable limits. 

It was reserved to the accurate observation, and the habit 
of recording and comparing apparently trivial and accidental 
differences in results, which distinguished the late Mr. Wales 
(astronomer in the second voyage of Captain Cook,) to enable 
him to lead the way to a knowledge of the nature and causes 
of these errors; he remarks,'* that in the passage of the 
Resolution and Adventure to the Cape of Good Hope, and 
subsequently, the greatest west variations had happened when 
the ship's head was north and easterly, and the least when it 
was south and westerly, differing very materially from one 
another with the ship's head in different positions, and still 
more when observed in diffei:ent ships thus manifesting 
that they ^ere something more than accidental. 

This voyage was the last in which Mr. Wales embarked, 
and the investigation does not appear to have been pursued in 
this country until the voyage of discovery to Terra Australis, 
in the first years of the present century. The survey of the 
coast of New; Holland Mug carried on in a considarable mear 
sure, by the intersection of compass bearings taken from the 
deck of the Investigator, so nauch embarrassm^ait and per» 
plexity were found to arise from the effects of local attractiori, 
that nluth of Captain Flinoers’s attention anti thoughts were 
neo^^nly devoted, to a consideration of some^eans^^^^^ 
dymg-theineonyenience. ■ , , \ 

(^ has r^rn to Engird, he obtained permission from thq* ; 
iortis Goramissi^ers of the Atimir4^ make a comrse of 

- MDCCCXIX.. '..Q. 



ii4i Capt. Sabine on irregularities observed 

experiments in sTiips under their direction at the principal sea 
ports, with a view to ascertain if compasses were similarly 
aflfected in other ships, and to try the general applicability of 
rules which he had found useful in correcting the errors in 
the Investigator. These rules, with the observations and 
reasonings on which they were founded, were published in a 
short paper in the Philosophical Transactions, and in a more 
detailed form in Appendix No. 11. in the Voyage to Terra 
Australis. There arc three points in these statements chiefly 
worthy of attention, from their practical importance ; and on 
which it seems desirable, therefore, to notice how* far his 
observations have been confirmed by those made in the 
Isabella and Alexander. 

FiRsr I he fotind that in every ship a compass would differ 
very materially from itself, on being removed from one part 
hf the ship to another. Experience of this source of irregu- 
larity, had induced him early in his voyage, to confine the use 
of the compass, with which his survey was carried on, to one 
‘pattiMat spot. The pl&ce he sd^fcted vras determined by 
eohvenience it/ other' respebts; it was on the binnacle, and 
exactly amidships. 

The Isabella and Alexander had not completed half their 
voyage across the Atlantic, before it was found that the 
binnacle compasses of the one ship differed very materially, 
hi indicating' the doursfe steered, from those of the other: 
riktoely,biie' point, orii^\ No dependance whatsoever could 
"Biy placed on thO agreOmebt of compasses in different parts 
of Ihe ship, or of the same compass tvith itself, if removed 

neighbbuirhood of the binnacles 
ti!)^€^rved^ ahirdships,’ Was froni‘*8<^ tti' ro'^ 
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greater than the result of azimuths taken by a compass 
placed between two or three feet on the larboard side ; and 
an almost equal diflPerence in a contrary direction took place 
on removing the compass to the starboard side, rendering it 
a matter of some trouble and difficulty, to make the azimuth 
compass agree with those in the binnacle by which the ship 
was steered, and for which it was therefore necessary to 
determine the variation. 

As the ships ascended Davis's Strait, these latter compasses 
began to traverse so sluggishly, that it was necessary to 
shake the binnacles continually to assist their motion. The 
cards of these* had a metal rim round their circumference, 
weighing one ounce, eleven drams avoirdupois, which, as the 
directive power of magnetism diminished, became too heavy 
for the needle to carry round: they were also frequently 
found to disagree with each other from or | of a point ; the 
consequence, most probably, of the different local attraction 
to which they were exposed. These compasses ceased there- 
fore to be attended to, except as an occasional assistance to 
the helmsman, and a position was selected in each ship, in 
which a compass on a more suitable construction was perma- 
nently fixed; by this the ship's course was directed, azimuths 
taken, and bearings of land, &c. noted, during the voyage. 

This standard compass, as it may be called, was placed in 
the Isabella exactly amidships, between the main and iliizen 
fiiast, oh a stout cross beam elevated nine or ten fe^t above 
the deck ; this beam was the usual walk Of the Greenland 
pilot, or of the quarter master, as affording a better view of 
th^- ice amo!hg which the ships Welr^ ffequeritly steered, than 

paten t bihta'acle compasses. 
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from the deck. The elevation was an advantage to the com- 
pass in such high magnetic latitudes, by rendering it less 
liable to accidental disturbance, on the removal of such im- 
plements of iron as were required to be kept on deck for use. 
The Alexander not having a similar cross beam, her compass 
was fixed amidships on a box of sand placed on the com- 
panion, between five and six feet above the deck. 

Secondly; Captain Flinders found that in his compass 
permanently fixed as described, no error took place when 
the ship's head was on the magnetic north or south points ; 
showing, that at such times the attraction of the ship, and of 
magnetism, were in the same line of direction. The maximum 
of error also took place when the ship's head was at right- 
angles to these points ; namely, at east or west ; being how- 
ever in opposite directions, in excess of the true variation on 
the one side, and in defect on the other ; so that the extreme 
difierence occasioned by altering the course from east to west 
or the reverse, would be twice the error at either. 

On the intermediate points, the ratio of the error to its 
maximum was as the “ sine of the angle between the ship's 
head and the magnetic meridian to the sine of eight points or 
radius," or sufficiently near to admit of corrections being 
calculated for every course, when the error on a single one 
was known by observation. 

Thus far the experiments which Captain Flinders tried in 
every ship corresponded, excepting only that the maximum of 
errc«’in different ships at the same place would differmaterially. 

TChe accordance in so many ships gave him reason to 
believe that m, compasses placed near the binnacle, and 
amidships, points of no error would be most commonly 
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those of the magnetic meridian. Considering, however, that 
this must depend altogether on the distribution of iron, and 
may be therefore liable to great diversity, he recommends, 
that, in every ship, as soon as a fixed position has been selected 
for a compass, the points of no error should be determined by 
repeated observation. The method that was adopted for this 
purpose in the late voyage appearing both simple and effectual, 
it may be useful to exemplify it by an instance or two. 

The Isabella being at anchor in Brassa Sound, Shetland, her 
head was placed, by means of warps, on each point of the 
compass successively, and the bearing of a pile of stones 
on the summit of a distant hill noted by her compass at each 
point ; at the same time tliat these observations were made 
on board, her bearing from the hill was also observed by a 
compass placed on the pile of stones ; the agreement in bear- 
ing showed the points of no error, and the differences the 
errors in each point, without the calculation which azimuths 
involve. [;See PI. X. fig. i.^ 

The Alexander being along side a floe of ice in Baffin's 
Bay, the true magnetic bearing from the ship, of a very 
distant and well defined object on the main land, was found 
by carrying a compass on the ice in an opposite direction, to 
a distance which insured its being perfectly free from local 
influence. The ship's head being then warped round to each 
point of the compass successively, the errors in each were 
determined by the difference in bearing, as in the last 
instance. f^See PI. X. fig. a.]] 

The regularity in the above results is the best testimony 
that the method is a satisfactory one. Certain precautions 
must be attended to ; thus, the object must be sufficiently 
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distant, that the space occupied in . warping the ship round 
may not subtend any sensible parallax. The direction of the 
ship’s head should be noted by the compass by which tlie 
bearings are taken. A short time must be allowed to elapse 
after the ship is steady on any point, to ensure the traversing 
of the cards : this is particularly necessary in high latitudes 
when the compasses move very sluggishly. And lastly, the 
observations should be repeated. 

It will be observed by the above results, in the Isabella 
and Alexander, that the points of no error were not coin- 
cident in either ship with those of the magnetic meridian ; 
in the Alexander especially, they were more nearly at right 
angles to it. That this ship should have differed so mate- 
rially from all the instances on record, may be attributed to 
her compass being so near the level of rlie deck, and there- 
fore being more affected by the influence of a considerable 
quantity of iron articles (such as ice anchors, ice saws, &c. ) 
which were carried on the after part of the deck for conve- 
nientiB in use, than it would have been, had it been raised 
higher. This was proved by placing a compass on a plank 
elevated for experiment in front of the comjjanion, to the same 
height as in the Isabella, namely, nine or ten feet. The 
points of no error were found, in this position, to be about 
north and south, and the amount of error at eight points, 
nearly twenty degrees; the same as in the Isabella: the 
gjsedtest error.at the same time, by the Alexander’s standard 
compass, viz. the one nearer the decks, beihg fl** ao' at N. N. Ev 
09'. ■ 

rffc®' i»t)oprifity of ^Captain Flinders's recommendation, to 
deltermiii§ji^e;|ioiats of no error in a fixed 'compass by actual 
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observation in every ship as soon as the distribution of iron is 
completed, may therefore be considered as confirmed by the 
observations in the Isabella and Alexander; whilst his rule 
of proportion may receive a verbal alteration to render it 
more suitable for general application : so corrected, it would 
be as follows. The expressions substituted being marked in 
italics, and the original words entered in the margin. 

“ The error produced in any direction of the 
ship’s head, will be to the error at the point of 
East or west. the greatest irregularity, as the sine of the angle 
between the ship’s head and the points of no 
Magnetic meridian. to the sine of eight points or radius.” 

Thirdly ; Capt. Flinders’s experience in the Investigator 
showed that the maximum of error in the same compass, 
would be different in different parts of the world, although 
the use of the compass was confined to one particular spot in 
the ship, and every precaution taken to avoid an interference 
with the distribution of the bhip’s iron. 

It is worthy of remark, that by multiplying observations 
and by comparing the series one with another, he was thus 
practically led to trace a connection between the amount, of 
the errors and the dip of the ileedle ; a knowledge of the fact 
preceding, in his mind, any theoretic suggestion that'/kuch 
might be the case. i -i 

It does not appear indeed that the .principal cause of this 
connection was even subsequently known to him;* he per- 
ceived that the influence of local attraction on the compass 
needle increased as the dip became greater. - He endeavoured 
to’acobunt fo^r-this circumstance, on a supposition that all.iron 
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might receive an absolute increase in the intensity of its 
attractive power by approaching the magnetic pole. 

The increase, however, which was the subject of his obser- 
vation, was a relative one, being in comparison to the directive 
power of magnetism. A diminution in the latter would 
therefore produce the effect equally with an absolute augmen- 
tation in the former ; and that such a diminution does take 
place, and in a degree which is sufficient to account for all 
the effects observed, will be evident to every person, who 
reflects that although the magnetic force is greatest at the 
pole, its directive power must then have wholly ceased, 
having become less on the horizontal traversing of the needle 
in proportion as the point of attraction has been brought 
beneath the compass; indicated by the angle which the 
dipping needle makes with the horizon. This is doubtless 
the principal cause of the connection which Captain Flinders 
was the first to trace. 

It is not designed to say that this cause may not be 
aided by the increased magnetism of portions of the ship's 
iron, such as bars and stanchions ; which being fixed in an 
upright position, may receive an addition to their attractive 
power where the position of the dipping needle is always co- 
incident with theirs ; but merely to observe, that a cause is 
known to exist for the connection, independently of supposi- 
tion; which cause, conjointly with experience, shows the 
inadequacy of the rule proposed by Captain Flinders, whereby 
th& amount of error, under Jttiy known dip, being ascertained, 
the amount may be calculated for any other dip, by using as 
a iiitiltiplier, the decimal expression of the proportion which 
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the error, in the one ascertained instance, may have borne to 
the dip. 

In the observations made in the Isabella at Shetland, where 
the dip is 74,° the maximum of error was 5° S 4 i' easterly 
of the true variation, with the ship's head at E. S. E. and 5° 
46' westerly at W. N.W. making an extreme difference of 
1 1® so^ 

By' Captain Flinders’s rule, the common multiplier for this 
compass would have been about one twelfth, or .083, which 
at a dip of 86° og^ which was the greatest observed during 
the late-voyage, would have given an error of between 7° and 
8°, making the extreme difference 15°; whereas repeated 
observation showed it to be at that time more nearly 50°, if 
not exceeding that amount. 

The inadequacy of the rule will also appear by reference 
to the observations made by the Alexander in Baffin’s Bay, 
The error at eight points being 6° 46^ at a dip of 84° go ' ; it 
ought scarcely to have exceeded 7° at the greatest possible 
dip, making an extreme difference of less than 15°. No op- 
portunity occurred indeed of making accurate observations 
at a greater dip than the above ; but the difference in the 
bearing of objects before and after tacking indicated with 
sufficient certainty, that the error had increased to an amount 
very far beyond 15® ; frequent instances of an extreme diffe- 
rence of from 3 to 4 points being remarked, as the ship 
approached the farthest western longitude to which she 
attained in a high latitude ; this was in Lancaster’s Sound of 
Baffin, into which inlet the expedition sailed beyond the 8x° 
of west longitude in the parallel of 74“ and a few minutes. 

It is much to be regretted that the service did not admit an 
opportunity to be afforded, of making observations on the 
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various magnetic phenomena, with the excellent instruments 
supplied to the expedition, at this very interesting place ; 
where a nearer approach was made to one of the magnetic 
poles than had ever been known before. 

But in the absence of any actual observation on the dip of 
the needle, this fact of the error of the compasses having 
increased from local attraction so greatly beyond the amount 
which had been before observed, is worthy of notice, as 
affording an indication that the dip had also increased, and 
not inconsiderably. The greatest which was observed, was 
86® op'; and after this observation, the ships continued to sail 
for six days in the direction in which the dip had hitherto 
been found to increase. 

In concluding this paper, it may be permitted to remark, 
that it is to the voyages of discovery undertaken during the 
reign of his present Majesty, that a knowledge of the extent 
and causes of the errors to which a compass is subject in ships, 
is to be principally attributed ; as well as the steps that have 
been taken towards the investigation and remedy of the 
inctaivenience they occasion to practical navigation. 

The care and exertions of Captain Flinders in collecting 
observations for this purpose, give his opinions and rules a 
peculiar claim to attentive consideration. No one could have 
been more fully persuaded than he was, that a rule, founded 
on the effects experienced in a few ships, would require a far 
more extensive trial, before it could be depended on for 
general application. 

To carry this on, therefore, is to follow his useful example, 
andtib ellect what he was desirous to have dofte himself,, had 
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IX. Some observations on the formation of Mists in particular 
situations. By Sir H. Davy, Bart. F. R. S. V. P. R. I. 

Read February 1815. 

All persons who have been accustomed to the observation 
of Nature, must have frequently witnessed the formation of 
mists over the beds of rivers and lakes in calm and clear 
weather after sun set; and whoever has considered these 
phenomena in relation to the radiation and communication of 
heat and nature of vapour, since the publication of the re- 
searches of M. M. Rumford, Leslie, Dalton, and Wells, 
can hardly have failed to discover the true cause of them- 
As, however, I am not aware that any work has yet been 
published in which this cause is fully discussed, and as it 
involves rather complicated prindples,! shall make no apology 
for offering a few remarks on the subject to the Royal 
Society, 

As soon as the sun has disappeared from any part of the 
globe, the surface begins to lose heat by radiation, and in 
greater proportions as the sky is clearer; but the land and 
water are cooled by this operation in a very different manner: 
the impression of cooling on the land is limited to the surface, 
and very .slowly transmitted to the interior; whereas in 
water above Fahrenheit, as soon as the apper stratum 
is ojokd, whether by radiation or evaporaticm, it sinks in the 
mass of fluid, and its place is supplied by warmer water from 
below, and the temnerature of the whole mass is reduced 
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nearly to 40° F. the surface cannot be the coolest part. It 
follows, therefore, that wherever water exists in considerable 
masses, and has a temperature nearly equal to that of the 
land, or only a few degrees below it, and above 45° F. at sun- 
set, its surface during the night, in calm and clear weather, 
will be warmer than that of the contiguous land ; and the air 
above the land will necessarily be colder than that above the 
water ; and when they both contain their due proportion of 
aqueous vapour, and the situation of the ground is such as to 
permit the cold air from the land to mix with the warmer air 
above the water, mist or fog will be the result ; which will 
be so much the greater in quantity, as the land surrounding 
or inclosing the water is higher, the water deeper, and the 
temperature of the water, which will coincide with the quantity 
or strength of vapour in the air above it, greater. 

I shall detail some observations which appear to me to 
show the correctness of this view. June gth, 10th, 1 ith, the 
temperature of the atmosphere and of the Danube was re- 
peatedly examined during a voyage that I made upon this 
river from Ratisbonne to Vienna, and on each of these days, 
the sky being perfectly clear, the appearance of mist above 
the river in the evening uniformly coincided with the diminu- 
tion of the temperature of the air from three to six degrees 
below that of the river, and the disappearance of fog in the 
morning with the elevation of the temperature of the sir above 
that of the river. From Ratisbonne to Fassau, the tempera- 
ture of the Danube was pretty uniform throughout the 34, 
being highest, 63® F. or ® F., between i3 and 
a and about c«ie degree less before sun-rise, and the 

temperature the air from 61” F. to 73® F, during the day. 
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and from 6i“ to 54° F. during the night. Below Passau, the 
Inn and the II z flow into the Danube.* On examining the 
temperature of these rivers at 6 o’clock, A. M. June 11, that 
of the Danube was found to be 63° F., that of the Inn F., 
and that of the Ilz 56“ F. : the temperature of the atmosphere 
on the banks where their streams mixed, was 54®. The 
whole surface of the Danube was covered with a thick fog; 
on the Inn there was a slight mist, and on the Ilz barely a 
haziness, indicating the deposition of a very small quantity 
of wf.ter. About 100 yards below the place where the three 
rivers joined, the temperature of the central part of the 
Danube was 59° F., and here the quantity of mist was less 
than on the bed of the Danube before the junction ; but about 
half a mile below, the warmer water had again found its place 
at the surface, and the mist was as copious as before the union 
of the three rivers. June isth, the evening was cloudy, and 
the temperature of the atmosphere remained till after dark 
higher than that of the river, being, when the last observation 
was made, 63® F. when there was not the slightest appearance 
of mist. The sky was clearer before sun-rise on the 13th, 
and the thermometer immediately after sun-rise, in the air 
above the river, stood at 554-° F. the temperature of the 
Danube being 61® F.; a thin mist was seen immediately above 
the river ; but there being no mass of vapour to exclude the 
sun-beams, it rapidly disappeared, and was not visible a few 
feet from the surface ; and in half an hour the whole atmos- 
phere was perfectly transparent. 

In passing along the Rhine from Cologne to Coblents;, 

* The Danube was greenish, the Inn had a milky blueness, the Ilz was perfectly 
pellucid ; but feem the rafudity with which the Inn descended, its waters at this Sp«t 
l^ve thdr tint tg the wbaLc mfece. 
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May 51st and June sd and sd, the nights being very clear, 
the same phenomenon of the formation of mists was observed, 
precisely under the same circumstances ; but as I could exa- 
mine the temperature of the air and of the river only close to 
the banks, and in two or three situations, my observations 
were less precise and less numerous; the mist formed later in 
the evening, and disappeared sooner in the morning than on 
the Danube ; which was evidently owing to the circumstances 
of the atmosphere being warmer and the river colder, the 
temperature of the one being from 66® F. to 75® F. during 
the day, and that of the river, where I examined it, from 59® 
to-6o®F. 

July 11th. I examined the temperature of the Raab near 
Kermond in Hungary, at 7 o’clock, P. M. and found it 65° F. 
that of the atmosphere being 72® F. During the whole 
evening there were some thin fleecy clouds in the western 
sky, which being lighted up by the setting sun, greatly inter- 
fered with the cooling by radiation from the earth, and at half 
past nine the thermometer, in the atmosphere, was still 69* F. 
and at half past ten 67“ F., when there was net the slightest 
appearance of mist. In the morning, before sun-rise, the 
temperature of the atmosphere on the banks was 61° F., that 
of the river 64,® F., and now the bed of the river was filled 
with a white thin mist, which -entirely disappeared half an 
hour after sun-rise. 

' I made similar observations on the Save in Camiola, in the 
raid of August; on the Izonzo in the Friul, in the middle of 
September j on the Po near Ferrara, in the end of September ; 
and repeatedly on the Tiber and on the small lakes in the 
Campagha bf Rpme in the beginning of October ; and I have 
never in any instance observed the formation of mist on a 
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river or lake, when the temperature of the water has been 
lower than that of the atmosphere, even when the atmosphere 
was saturated with vapour. 

It might at first view be supposed, that whether the cooling 
cause existed in the water or the land, the same consequences 
ought to result ; but the peculiar properties of water, to which 
I referred in the beginning of the paper, render this impos- 
sible. Water in abstracting heat from the atmosphere becomes 
lighter, and the warmer stratum rests on the surface, and its 
operation in cooling the atmosphere is extremely slow; 
besides, the cooled atmospheric stratum remains in contact 
with it, and water cannot be deposited from vapour, when that 
vapour is rising into an atmosphere of a higher temperature 
than its own ; and the law holds good, however great the 
difference of temperature. Thus, August afith, at sun-set, the 
day after a heavy fall of rain, and when the atmosphere was 
exceedingly moist, I ascertained the temperature of the Drave 
near Spital in Carinthia, and though it was 14,® F. below that 
of the air, yet the atmosphere above the river was perfectly 
transparent. 

It may be imagined, that without any reference to the 
cooling agencies of air from the land, mist may form upon 
rivers and lakes, merely from the loss of heat by radiation 
from the air, or the vapour itself immediately above the 
water; and that the phenomenon is merely one of the forma- 
tion of vapour, the source of heat being in the water ; and its 
deposition, the source of cold, being in the atmosphere; but 
it is extremely .improbable, that ^ or invisible vapour, at 
common temperatures, can lose any considerable quantity of 
heat by radiation ; and, if mist could be formed from Such a 
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source, it must always be produced to a great extent upon 
the 'ocean in calm weather during the night, particularly 
under the line, and between the tropics, which the journals 
of voyages sufficiently prove is not the case. I have myself 
had an opportunity of making some observations which coin- 
cide with this view. During a voyage to and from Pola, I 
passed the nights of September g, 5 , and 6, off the coast of 
Istria ; there was very little wind on either of the nights, and 
from sun-set till nearly midnight it w'as perfectly calm in all of 
them. On thegd it was cloudy, and the lightning was perceived 
from a distant thunder storm, and the vessel was never far 
from the shore ; but on the 5th and 6th the sky was perfectly 
clear, and the zodiacal light, after sun-set, wonderfully dis- 
tinct and brilliant, particularly on the 5th, and we passed by 
the help of oars from two to eight miles from the shore. 
The temperature of the sea at sun-set was 76° F. on the 5th, 
77® F. on the 6th, that of the atmosphere immediately above 
it 78° F. and 79" F. On the 5th, at midnight, about five 
miles from the shore, the temperature of the sea was 74 j“ F. 
and that of the atmosphere 75° F., and on the 6th, at the same 
hour, at about four miles from the shore, the temperature of 
the sea was 73* F. and that of the atmosphere 75 ° F- There 
was not the slightest appearance of mist on either of these 
nights on the open sea, or at any distance from the land : but 
close under the hills of Istria there was a slight line of haze 
visible before sun-rise, which was thickest under the highest 
land; and as we approached at sun-rise, on the 7th, the moun- 
tains of the Friul, the tops of those nearest to Trieste were seen 
rishi^out of a tlnck white mist, which did not reach a quarter 
of a mife fifora the shore. 
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After mists have formed above rivers and lakes, their in- 
crease seems not only to depend upon the constant operation 
of the cause which originally produced them, but likewise 
upon the radiation of heat from the superficial particles of 
water composing the mist; which produces a descending 
current of cold air in the very body of the mist, whilst the 
warm water continually sends up vapour : it is to these cir- 
cumstances, that the phenomena must be ascribed of mists 
from a river or lake, sometimes arising considerably above 
the surrounding hills. I have often witnessed this appearance 
during the month of October, after very still and very clear 
nights, in the Campagna of Rome above the Tiber, and on 
Monte Albano over the lakes existing in the ancient craters 
of this extinguished volcano, and, in one instance, on the 17th 
of October, before sun-rise, there not being a breath of wind, 
a dense white cloud of a pyramidal form was seen on the site 
of Alban lake, and rising far above the highest peak of the 
mountain, its form gradually changed after sun-rise, its apex 
first disappeared, and its body, as it were, melted away in the 
sun beams. 

Where rivers rise from great sources in the interior of 
rocks or strata, as they have the mean temperature of the 
climate, mists can rarely form upon them except in winter, 
or late in autumn, or early in spring. In passing across the 
Apennines, October 1st, ad, and gd, 1818, there having beat 
much rain for some days preceding, and the nights being very 
dear, I observed the beds of all the rivers in the valleys filled 
with mist, morning and evening, except that of the Qituranus 
near its source, in whidb there was no mist, and this river 
rises at once from a lime-stone bed, and when I examined it, 
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at half past six o’clock, A. M. October 3, was 7|-° lower than 
the atmosphere. 

Great dryness in the air, or a current of dry air passing 
across a river, will prevent the formation of mist, even when 
the temperature of the water is much higher than that of the 
atmosphere : thus on the 14th of June, near Mautern, though 
the Danube at five in the morning was 61° F. and the air only 
54®, yet there was no mist ; but a strong easterly wind blew, 
and from the rapidity with which water evaporated it, it was 
evident that this wind was in a state of extreme dryness. 

The Tiber has furnished me with a number of still more 
striking examples. October isth, the night having been very 
clear, on arriving at the Ponte Molle, at half past six in the 
morning, I found no mist on the river, yet the temperature of 
the air immediately above it was 48° F. and that of the river 
56® F., a strong north wind blew, which indicated, by the 
hygrometer, a degree of dryness of 55°, and this part of the 
river was exposed to it; but the valley above, where the 
river was sheltered from the wind, was full of mist, and the 
mist in rising to the exposed level might be seen, as it were, 
dissolving, presenting thin strise which never reached above a 
certain elevation, and many of which disappeared a few 
seconds after they rose. From the 13th to the S5th of Oct. 
during which time the tramontane or north wind blew, I 
witnessed repeatedly the same phenomenon, and in the whole 
of this time there was only one morning when there was no 
inlst in the sheltered valleys, and the cause was perfectly 
iMsWous ; the night had been very cloudy, and the thermome- 
ter, “bfefbre sun rise, indicated a difference of only one degree 
in the atilitKsphere below that of the river. 
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It is not my intention to discuss the general subject of the 
deposition of water from the atmosphere, in this paper ; but 
merely to describe a local cause of considerable extent and 
variety in its modifications : and which is not without an efiect 
in the economy of nature, for verdure and fertility, in hot 
climates, generally follow the courses of rivers, and by the 
operation of this cause, are extended to the hills, and even to 
the plains surrounding their banks. 

Rome, Dec, 8, 18184 
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X. Observations on the Dip and Variation of the Magnetic 'Needle, 
and on the Intensity of the Magnetic Force ; made during the 
late voyage in search of a North W ?st Passage. By Captain 
Edward Sabine, of the Royal Regiment of Artillery, F. R. S. 
andF.L.S. 

Read February 25, 1819. 

The dipping needle used in these observations is the property 
of Henry Browne, Esq.; it was made by Messrs, Nairne 
and Blunt, and is similar in construction to one made by the 
same artists, and described by the Hon. Henry Cavendish 
in the 66th volume of the Philosophical Transactions, as used 
in the house of the Royal Society. 

Previously to delivering it into my charge, Mr. Browne 
had adjusted the balance of the needle by means of the screws 
on the cross of wires attached to its axis ; so that no alteration 
took place in the indication of the dip, on reversing the poles. 

The instrument was placed in the direction of the magnetic 
meridian, by a compass stationed at a sufficient distance, and 
suffered to remain during the observations for the purpose of 
occasional verification. When time admitted, the correctness 
of adjustment was also proved, by observing the minimum of 
dip. An equal number of observations were made with the 
face of the instrument towards the east and towards the west; 
the‘ arcs indicated at both ends of the nfeedle were read. 

In determining the intensity of the magnetic force, the 
neeffie was drawn to an horizontal position by a magnet, and 
being released at an observed moment of time, was suffered 
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to oscillate until the arcs became too small to be readily dis- 
tinguished ; the first arc was thus equal to the dip, and at 
every tenth vibration both the arc and time were noted. The 
observations in the magnetic meridian were repeated with 
the face of the instrument towards the east and towards the 
west. 

It is highly satisfactory to notice the agreement of the 
results which were obtained in London and in Shetland, at 
different periods, and by different observers; showing that 
the adjustment of the balance of the needle was preserved 
during the voyage, notwithstanding the accidents to which it 
was liable: and as a testiniony of the excellence of the 
instrument, and of the confidence which may be placed In 
observations made with it. 

Observations on the dip. 


1818. 

Latitude. 

Longi- 

tude, 

No. of 
obser. 

Observer, 

Dip. 

Remarks, 


5* s'iN 

0 / 

0 08 W, 

16 

Capt, Kater 

® / // 

70 34 39 

Regent's Park, London. 

30 

6 d C 9 I 

I 12 

H 

Capt. Sabine 

74 22 48 

1 Hrassa Island, Shet- 

May I 

60 oot 

1 12 

12 

Lieut. Parry 

74 20 10 

1 land. 

June 9 

68 22 

,53 so 

12 

Capt. Sabine 

^83 08 07 

On ice. 

ig 

70 26 

54 52 

14 


♦8248 47 

Hare Island. 

July 8 

7404 

5752 

lo 


84 09 15 

(Baffins) three Islands. 

23 

7 S OS 

60 03 

10 

Lieut. Parry 

84 *4 57 

L On irp 

23 

7505 

60 03 

10 

Capt. Sabine 

84 *5 15 


Aug. 2 

75 S‘§ 

63 00 

10 

Capt, Sabine 

844430 

On ice. 

4 

75 59 

6447 

10 

Capt. Sabine 


On ice. 

*9 

7632 

73 45 

10 

Capt. Sabine 

85 4423 

On ice. 

20 

764s 

76<jo 

H 

Lieut. Parry 

86 08 

j On ice. 

20 

7045 

76 00 

14 


86 09 33 

25 

76 08 

! 78 29 

i6 

Capt, Sabine 

85 59 3 > 

On ice. 

Sept, II 

7035 

66 55 

»0 

Capt, Sabine 

84 39 21 

On ice. 

Nov. 3 

60 09! 

i.it 


Lieut. Parry 

74 21 06 

) Srassa Island, Shet- 

3 

6009I 

‘1 12 


Capt, Sabine 

74214715 

J land. 

1S19, 

March 

5» 3* 

0 08 

16 

Capt, Sabine 

70 33 16 

Regent's Park, London. 
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It is probable that the needle was affected by local attrac- 
tion either on the gth or on the 19th of June; but on which 
day it is difficult to say. On the 9th the ships were anchored 
to an iceberg of very considerable size, on which the observa- 
tions were made, the instrument being removed as far as 
possible from the ships. On the 19th it was used in the 
observatory which was erected on Hare Island ; every fasten- 
ing of this ingenious and useful building was of brass, and 
the greatest care was taken to prevent the needle being dis- 
turbed by local or accidental causes. But there were several 
basaltic columns on the face of a hill which rose immediately 
from the observatory, which may have had an influence ; as 
these columns on Hare Island are said, by Professor Giesecke,* 
to have a powerful effect on the needle. 

Observations on the intensity of the magnetic force. 

Regent's Park, London, April, 1818. By Captain Kater. 


Perpendicular to the meridian. 

too 

too 

8 21,6 

8 15 

Mean 
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of vibra- 
tions* 

-00000000000 

0\ to N M M 

100 

8 18,3 

VH » 4 

® 2 S 

043 S 

0 0 0 0 0 0 0 0 0 g Q 
p * iAVO C'hOO os 0 


The subsequent observations were made by Captain 
Sabine. 


* Art, Greenland, Baiirsf br’« Cyeloptedia. 




Capt, Sabine's observations on the magnetic neetile. 135 
Brassa Island, Shetland, lot, 60 ° 09 ', long, 1 ° 1 2 ' W. 


In the magnetic meridian. 
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vibrations. 

Interval, 
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Time. 

tn 
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m. s 
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7 50 


^roo 0 NNO 

tN* cr» N -« »-« 
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.. 
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vibrations. 
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CA 

na 
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CO 

0 0 

0 0 
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8 00 
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0 

u 

< 

0 
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vibra- 
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00000000000 
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1—* 

100 
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On an iceberg in Davis’s Strait, lot. 68 ® 22 ^ long. 53 ® 50 ' W* 


In the magnetic meridian. 
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aJ 

a 

H 

tn 
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Perpendicular to the meridian. 
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n 
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%n 

<u 

CO 
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On Hare Island^ lat. 70“ 26% long. 54,® 52' W. 



In the mi 

jgnetic meridian. 

Number of 
vibrations. 

Interval. 


Time. 

CA 

•X 3 

Coo 

(U 

09 

ICO 

m* s. 

7 2Z 


Arc. 

1 

ICO j 

7 *4 


g eo 

00000000000 

100 1 

7 21 

Mean 

523 > '{3 

«-• « u-x'O r^oo On 0 

»** 


Perpendicular to the meridian. 



On ice in Baffin’s Bay, lat. 75° 05I, long. 60° 23', 
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On ice in Baffin’s Bay, lat 75° 51 a', long. 63° 06' W. 


In the magnetic meridian. 

Number of 
vibrations. 

Interval. 


Time* 

to 

"H ^ 


m. s. 

7 2*^5 

7 25 



to 

100 

100 


Arc. 

0. I. . I , 

^C30 VO 0 rv. 

00 r4 M 


h- . . 


100 
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Perpendicular to the meridian. 
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00000000000 
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On ice in Baffin’s Bay, lat. 76“ 45', long. 76" JV. 


In the magnetic meridian. 
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vibrations. 
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J 
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CO 
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vibra- 
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On ice in Bern’s Bay, lot. 76° o8a', long. 78° ai^ W . 


In the magnetic meridian. 

Number of 
vibrations* 

Interval. 
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On an iceberg in Davis’s Straits, lat. 70° 35', long. 66 ° W. 


In the magnetic meridian. 
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1819, March. In the Regent’s Park, London, lot. 51° 31' 4,0", 

long. 0“ 08' W. 


In the magnetic meridian. 

Number of 
vibrations. 

Interval. 

Mean 

Time. 

• 

. cn 

V 

CO 

100 

100 

too 

in. s. 

8 01,5 

8 08 

7 56.5 

Arc 

^ 0 0 0 \VO ** 

ts. eo HI 

No. of 
vibra- 
tions. 

OOOOQOOOOOC 
to hovo iN,oo On 0 

M 

100 

8 02 

Perpendicular to the meridian. 

Number of 
vibrations. 

Interval. 


Time. 

cn 

lA to to lA to *A tjO 

0 ^ N Os Ov Osoo OvOO 0 On 

<D 

T 

100 

n). s. 

8 i8,s 

Arc* 

?) iaOO HvO *-« 

On to 'th to tj M w 

*1 ^ ^ 
IZT-S 

■ 

OOQOQOOOOOO 
•H M to tOVO tN.00 ON 0 
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Abstract of the times in which 100 vibrations were performed. 


Latitude, 

Lon^- 

tude. 

W. 

In the 
meridian. 

First 

Arc. 

Perpendicular 
tA the meridian. 

First 

Arc. 


* , • 
51 3 « 

60 og 

68 22 

70 26 

75 05, 

75 5Ji 

76 45 

76 08 

70 35 1 

s> 31 

0 / 

0 08 

1 12 

53 50 

54 52 
00 23 
63 06 
76 00 
78 21 
66 55 

0 08 

m% S. 

0 0 

7 49i 
7 20 

7 21 

7 27J 
7 23J 

7 10 

7 i6 

8 02 

0 

74 

83 

83 

84 

84 

85 

fs 

83 

70 

m. s* 

8 18,3 

7 59^5 

7 33 

7 26 

7 26 

0 0 

7 26 

7 18 

7 ^S,5 

8 18 

0 

90 

90 

90 

90 

90 

90 

90 

90 

90 

Regent^s Park, London* 
Shetland. 

On ice, Davis’s Straits. 

Hare Island. 

On ice, Baffin’s Bay, 

On ice, Baffin’s Bay* 

On ice, Baffin’s Bay. 

On ice, Baffin’s Bay, 

On ice, Davis’s Straits. 
Regent’s Park, London. 


The 1 00th vibration never exceeded an arc of 3* 
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Observations to determine the variation of the needle^ in Davis* s 
Strait, and Baffin's Bay. 

The azimuth compasses used in these observations were 
constructed on an improved plan, the invention of Captain 
Kater. It is thus described in the « Instructions for the use 
of the Instruments furnished to the Northern Expeditions," 
printed by order of the Royal Society : 

“ The compass is five inches diameter ; by means of an 
inclined mirror and lenses, the degrees are seen by reflection 
considerably magnified ; a line drawn on a piece of ivory is 
viewed at the same time, and serves as an index by which 
the degrees are to be read off. 

“ At the opposite side of the box is a sight on which slides, 
in a frame, the segment of a glass cylinder, ground to a 
radius of five inches. By means of this, a fine line of light 
is thrown on the index, and may be seen at the same time as 
the degrees on the card. 

“ The degrees on the card are read from the north towards 
the east, and are carried round to 560®, in order to obviate 
the possibility of error in this respect." 

The observations were made either on shore or on the ice, 
sufficiently distant from the ship to be beyond the influence 
of her attraction. The compass was placed on a copper 
fastened stool, and was carefully levelled by means of a spirit 
level, to ensure the perpendicularity of the sight vane. 

E^ch altitude iad azimuth is a mean of several observa- 
tions, the compass being removed and levelled afresh between 
eveiy one, thus making each faithfully distinct. 
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The mean Greenwich time is given, as it determines the 
amount of the sun's polar distance. 

The latitudes and longitudes are of the spot, deduced by 
the ship’s log from the nearest observed. 

The altitudes are corrected for index error only, the letters 
or signs annexed denote the limb, and whether by reflection 
or by the natural horizon. 

The observed azimuths are of the sun's centre cleared of 
index error ; the compasses used were No. 1 and a, supplied 
to the Isabella, and No. 3 to the Alexander ; the true azimuths 
; deduced from the elements contained in the preceding columns, 
are expressed in a corresponding manner to the reading of 
the compass, for the. purpose of comparison. 

The observations were made on ice, except when otherwise 
noted in the column of remarks. 

When due consideration is given to the greatly diminished 
power, with which the earth's magnetism acts on the hori- 
zontal direction of the needle, when the dip becomes so con- 
siderable as it was found in Davis’s Straits and Baffin's Bay, 
namely, from 83“ to 86*; the satisfactory results which have 
been obtained, even under such extreme circumstances with 
Captain Kater's compasses, afford the best testimony of their 
excell^ce, and of the precision which may be expected from 
them in the ordinary course of observation. 

It may also be. remarked, that a difference in the result of 
azimuths observed at diifierent hours of the day may not be 
altogether an e^or of obseryatidn, since it is prob^le that as 
the directive poyirer of magnetism diminishi^, the causes 
which produce the hourly change in the variation itself may 
act with increased effect. 
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Should the amountof this change be considerably augmented 
in high magnetic latitudes, careful observations on the direc- 
tion of the needle at different hours of the day, on all conve- 
nient occasions, might be serviceable towards a more certain 
knowledge of its causes, than has been hitherto obtained from 
observations made where the effects are so inconsiderable. 

The influence of the ship’s iron on their compasses increas- 
ing, as the directive power of magnetism diminished, produced 
irregularities that rendered observations on board ship of little 
or no value towards a knowledge of the true variation ; a few 
azimuths which were observed in the Isabella, have been 
selected for the purpose of exemplifying this remark. They 
will also show, how essential it is to navigation in high lati- 
tudes, that the nature of the errors which the ship's attraction 
produces in her compasses, should be understood. 
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Observations to determine the variation of the needle, made on shore, or on the ice. Observer, 

Captain Sabine. 


1818 . 

Mean, Green- 
wich time. 

Latitude. 

Longitude. 

Observed Altitude. 

Observed 

azimuth. 

Compass 

True 

azimuth. 

Vacation. 

Bemaib. 

June 9 

11 

12 

*7 

17 

18 

18 

18 

27 

27 

* 27 

27 

27 

July 4 
6 
12 

21 

22 

28 
30 

Aug. 2 
2 

4 

6 

12 

12 

12 

19 

19 

*9 

22 

25 

25 

25 

Septn 

It 

ii 

h, m. s. 

22 0 0 

23 20 0 
900 
8 20 0 
8 30 0 
8 28 0 

8 35 0 
23 20 0 

9 00 00 
9 20 00 

9 40 00 

10 00 00 

10 20 00 
10 45 00 

9 12 0 
23 30 0 

10 05 6 
23 02 0 
10 2o 0 

8 17 0 
10 20 0 

: 10- 00 00 

' 10 10 00 
0 12 30 
.9 34 0 
0 00 51 

0 12 51 

0 29 30 

2 13 00 

2 33 00 
2 33 <^o 

9 00 00 
^27 10 
8 27 >10 

10 03 00 
16 08 00 

8 30 bo 

8 36 00, 
8 40 00 

68 23IN. 
68 14 

68 14 

70 26J 

70 26| 

70 261 

70 z6| 

70 26J 

71 02| 

71 02f 

71 02| 

71 02 J 

71 02J 

72 44 i 

73 22J 

74 ou 

74 58 

75 <54 

75 23 

75 32 ' 
75 32 

75 44J 

75 44 l 

75 59 
70 S®J 

75 54 i 

75 5+1 
n 5+1 

76 30 ■ 
76 30 

76 30 

7 fi 3 ®! 

76 oBJ 

7 ®v 08 | 

76 ogj 
7608! 

70 35 i . 

'70 35 i'’;' 
;70 35 J 

53 +7 

5+ 15 

5 + 15 

5 + 5 ® 

5 + 5 * 

5 + 5 * 

5 + 5 ® 

5 + 5 ® . 
5 + 13 

5 + 13 

5 + 13 

5 + 13 

5 + 13 

5® +9 

57 3 ® 

57 5 ? 

59 iS 

60 03 

60 3 +i 

61 0 

61 0 

64 0 

I64 0 

$+ 3® 
i^+ 3+ 

65 30 

6s 30 

65 30 

7 ® 35 ; 
7 * 35 

76 5 *J 

78 21 

78; 21 

78 21. 

78 2J 

f 

^ 55 i. 

+8 23 15 Q 

63 20 58 Q 

70 02 33 g 

56 IS 36 Q 

55 32 34 g 

55 io 5*2 
|55 33 458 1 
I53 57 35 g 3 
6+43 18 g 

50 18 13 g 

49 18 20S 

47 07 08 

4 + 3 ^ +08 

42 07 17 s 

37 18 +78 
+9 to 00 8 , 
55 11 5*8 

33 + 9 S 72 

45 +0 o q 

35 04 10 8 

4 * *3 57 8 

36 29 3s 2 

17 33 15 I- 
17 01 25 L. 

^ 39 558 

37 *7 *og 
+0 19 3 +a: 

40 59 558 
+3 38 28 8 
+5 59 308 

47 *7 10.8 

■+7 33 +0 8 ' 

38 5+ +08 

■ 40 32 308 

, ' 40 .++ OS'S' ,, 

30 08 478; 

28 25 23 g 

13 *7 30I.. 

»* 59 +7 

1* 39 33 n 

156 2 J 

m 47 

186 16 
33 « 54 
334 05 

332 52 

334 24 

184 35 , 
343 

346 331 

3+9 5 +i 

353 3 $, 
357 *+f 

1 

348 16 
1*8 49 i 
,0 33 i 

185 18 

7 40 

338 * 4 l 
0 33 i 

2 26 

4 31 
204,,, 01 

354 H 
202 sH 
I205 24 f 
210. 52^ 
240 ,32 

*4853! 
*45.5*1 
34* 58 
341 osJ 

■ ' 4 oj.- 

S 43 j 

33044 

33 * 5*1 

333 i 9 i 

1 

2 

1 

1 

I 

1 

1 

I 

1 

I 

I 

1 

I 

I 

I 

I 

1 

* 

1 , * ' 
i ^ 2 

i 1 

i & 2 

.1 -• 

1 

„ , 

3 

1 &i 

i 

1 

88 ssl 

108 07 
118 12 

260 08 

261 IlJ 

*81 33" 

263 io| 

11 * 55 i 
268 13I 

*71 13 

*74 *3 

278 0 
281 36^ 
288 I8| 
268 I5 

I 06 O5I 
276 0o| 

98 

279 21^ 
248 464 

272 4i| 

273 25 
*75 371 

>>3 43 > 
263 16^ 

•09 45 i 
110 5 ,oi 
117 i*f 
138 * 3 , 

143 37 i. 

144 03 i 
2^41 00 , 
230 07 
230 38 : 

254 56 
256 i 3 

244 o 5 

245 36 , 

246 41- 

67 3!§V7 

67 ^ 

68 04 
7246 

7 * 53I 

71 19 . [ 

71 ' 3 l I 

71 39 i 

75 13 

75 *ot 

75 31 

75 35 

75 -t* 
7*55 ■ 

80 01 

80431 ' 

*4 33 
*6 59 l 

88 i8| 

*7 37J 

88 I 3 f 

89 01 
8 * 53 ^ 

90 17 t 

91 07I 
9 * 45 ^ 
: 9 + 34 ^ 

93 39 l 
102,09 

103 16 1 i 
loi 5S } 
107 38 
no sSi 1 

no i 9 i J 

109 09 1 

10925! j 

86 38 1 
*7 2*1 i 
*8 3 ^ I- 

Observatory, Hare Island, 

On Baffin’s three Islands. 

(impasses used alter- 
nately. , 

Compasses used alter- 
nately., 

|Ob$erved^by the silk line, the 
line of light not being per- 
ceptible owing to the wektherg 
Dip of horizon allowed for 

51 feet 7 in, measured. , , 
Compasses alter- , f - 

uatefy., :':„v 


la the colamapf •' obserred altitude,” g sigmfies the lower, and S the upper limb of .the 
' sw,the altitude Mug taken by reflicto} L, the tower-limb by tfe natural horizoa. 
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Results of azimuths observed on hoard the Isabella, wiVA Walis:er’s 
azimuth compass, placed amidships in front of the companion. 
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XI. On the action of crystallized surfaces upon light. By David 
Brewster, LL. D. F. R. S. Lond. and Edin. In a letter 
addressed to the Right Hon. Sir Joseph Banks, Bart. G. C. B. 
P. R. S. &c. &€. &c. 

Read February 25, 1819. 

My dear Sir, 

It has been remarked by Malus, in his Theory of Double 
Refraction, “ that the action which the first surface of Iceland 
“ spar exercises upon light, is independent ofithe position of its 
** principal section ; — that its reflecting power extends beyond 
“ the limits of the polarising forces of the crystal, and that as 
“ light is only polarised by penetrating the surface, the forces 
“ which produce extraordinary refraction begin to act only at 
« this limit” He also observes, that the angle of incidence 
“ at which Iceland spar polarises light by partial reflection, is 
56® 30' ; that it then comports itself like a common transpa- 
“ rent body ; and that whatever be the angle comprehended 
between the plane of incidence and the principal section of 
the crystal, the ray reflected by the first surface is always 
“ polarised in the same manner." * 

These conclusions, obtained experimentally by an author 
of such distinguished eminence, I should naturally have re- 
ceived as established truths, had I not been led, by a series 
of experiments made before the perusal of his work, to opi- 
nions of an opposite kind. My experiments indicated an 
extension of the polarising forces b^ond the crystal ; and I 
* Tbtorie ih la DoubU R^aeSon, pp. z-fo* Z41. 
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was thus induced to question the accuracy of Malus’s views, 
and to repeat the experiments upon which he had founded 
them. The results of this investigation, while they have 
overturned the opinions hitherto adopted, have at the same 
time led to the establishment of several points both of theore- 
tical and practical importance. 

In giving an account of these results, I shall first consider 
the effects produced upon transmitted light by a change in 
the mechanical condition of the surfaces of crystals, and then 
establish the laws according to which the interior forces aflFect 
and modify the forces which produce partial reflection. 

-H 

Sect. I. On the ^ects produced upon transmitted light, by & 
change in the mechanical condition of the surfaces of crystals. 

If we take a hexaedral prism of nitrate of potash, and ob- 
serve a luminous object through two of its inclined surfaces 
that have a good natural or artificial polish, we shall perceive 
two distinct and perfectly formed images. If we now roughen 
these two surfaces, and cement upon each of them a plate of 
glass by means of balsam of capivi, the character of the two 
images will be greatly changed. The image that has suffered 
the greatest refraction will be as distinct as before, but the 
other image will be either of a faint reddish colour, or 
wholly invisible, according to the degree of roughness induced, 
upon the refracting surfaces. When oil of cassia is used 
instead of the balsam, the least refracted image, if it was 
visible before, will now be completely extinguished. 

'ify substituting pure akohol, or iht- white of an egg, instead 
ol'I^e'lJals^, the least refracted image will become distinct, 
and the most refractedLimage will be either a mass of nebulous. 
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light, or almost invisible. A result nearly similar will he 
obtained with water, notwithstanding its effect in dissolving 
the little prominences which constitute the superficial rough- 
ness of the crystal. 

In order to explain these phenomena, we must recollect that 
the index of refraction for the ordinary image of nitre is 1.511, 
and that of the extraordinary image 1.328. When the rough 
surface of the nitre is covered with balsam of capivi, which 
has nearly the same index of refraction as the ordinary 
image, the same effect is produced as if the rough surface 
had been polished for the ordinary rays. All the little pits 
or depressions in the rough surface being filled up with 
balsam, the ordinary rays suffer little or no refraction ia 
penetrating the crystal, and therefore the image which they 
form will be as clear and distinct as in the first experiment. 
But since the index of refraction for the extraordinary image 
is much less than that of the balsam, the rays of which it is 
composed will not enter the crystal undisturbed, but will be 
scattered in the same manner as if its surface was rough, and 
had a refractive power corresponding to the difference between 
the index of refraction for the extraordinary ray, and the 
index of refraction for the balsam. When water or alcohol 
is substituted in room of the balsam, the eflPects now described 
are interchanged, the roughness being removed foF4he extra- 
ordinary rays by the application ofk fluid of the same refrac- 
tive density, while the rays that form the ordinary image are 
dispersed by the refractions which still exist at the rough 
surface of the crystal. 

These effects will be still better understood by supposing 
the crystal to consist of an extraordinary and an ordinary 
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medium, arranged in alternate strata. Wlicn the superlicial 
polish of both these media is removed, the application of the 
balsam restores, as it were, the polish of the ordinary medium, 
without restoring that of the extraordinary medium ; while 
the application of the alcohol restores the polish of the extra- 
ordinary medium without restoring that of the ordinary 
medium. 

When the refractive power of the fluid is intermediate 
between that of the two media, the ordinary and the extra- 
ordinary image will be equally indistinct ; and we have it in 
our power to alter the distinctness of either of the images, by 
varying the refractive force of the interposed fluid. 

If the plane of incidence is not perpendicular to the axis, 
a variation in the angle of incidence will produce a variation 
in the index of refraction of the extraordinary ray ; and, since 
the refractive power of the interposed fluid suffers no change, 
the extraordinary image must become more or loss distinct, 
according as its index of refraction is made to approach more 
or less to that of the fluid, by varying the inclination of the 
refracted ray to the axis. 

From the preceding experiments, which have been repeated 
with the same results with calcareous spar, arragonite, and many 
other crystals, we may deduce the following conclusions i 

1. The force of double refraction and polarisation extends 
not only without the intdfior limit of the ordinary refractive 
force, but also without the surface of the crystal. 

«. The force of double refraction and polarisation emanates 
from the surface of bodies, though its intensity depends upon 
of the surface fso the axis of the crystal. 

3, TM'Ojpfeliiiary or the extraordinary image may be ex- 
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tinguished at pleasure in any doubly refracting crystal ; and 
the crystal is thus converted into a singly refracting crystal, 
like certain specimens of agate. 

4. In soft crystals that do not admit of a perfect polish, 
the distinctness of any of the two images may be made a 
maximum, by giving the crystal the best polish of which it is 
susceptible, and then cementing plates of glass upon its sur- 
faces, by a transparent cement of the same refractive power 
as that of the pencil which is to be rendered most distinct* 
If it is required to make the two images equally distinct, the 
refractive power of the cement must Jbe a mean between that 
of the ordinary refraction, and the extraordinary refraction 
which corresponds to the angle which the refracted ray forms 
with the axis of double refraction, 

5. All doubly refracting crystals consist of an ordinary and 
an extraordinary medium, alternating with each other, and 
varying in density according to a la w^ which I have described 
in another paper.* 

I consider the optical structure of agate as demonstrating 
the existence of two media. In quartz, the two media are 
equally perfect and transparent ; but in certain specimens of 
agate, the one medium is seen in a separate state from the other, 
and broken down into small portions like the figures 333. 
The light which passes through these portions, is evidently 
acted upon by a different refractive power from that which 

• The paper here allude^ to, was laid before the lU>ys|l Society of K 4 il>buri^ On 
the 16th. of Mardi, 1818 j but as it could not have been understood without the 
prece(Ung eJEperiments, its publication was necessarily delayed. The theory which 
it contain^ etnbcaces-also the complex phenomena which arise fwoKthfi combination 
of two or more axes. Sgetl^ PbU, Trans, Land, i8i8, p. z64. 
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passes through the rest of the crystal, and is polarised in a 
transverse plain.* 

Sect. II. On the influence of the polarising force of doubly re- 
fracting crystals, upon the polarising force which accompanies 
partial reflection. 

The experiments in the preceding section could not fail to 
throw a doubt upon the identity of action exercised upon re- 
flected light by crystallized and uncrystallized surfaces. I 
was therefore led to a more minute investigation of the sub- 
ject, and obtained a series of very unexpected results, which 
I shall explain under the three heads into which they naturally 
arrange themselves. 

1. On the change produced upon the polarising angle by the 
interior forces of doubly refracting crystals. 

In order to examine with care the superficial action of cal- 
careous spar, I exposed several surfaces by cleavage, and 
having selected the one that had the most perfect polish, I 
covered all the other sides of the rhomb with black wax, and 
measured the polarising angles in planes variously inclined to 
the principal section. The following are the results of a great 
number of observations : 

Position of the ciysta]. Azimuth. obsemi. 

Short diagonal in plane of reflection o® 57® 14* 59 

One of the edges in plane of reflection 50 57!^ 58 ga 15 

iiong diagonal in plane of reflection 90 59 ga 57 

ij^fiference between the greatest and least po- 
angle - - - - 

* See JPMk *813. p. 104; 1814, p. 191 } and Min. Tttns. vol. yii. p. 498, 9. 



crystallised surfaces upon light. 1^51 

The following observations were made with rhombs taken 
from a different mass of calcareous spar : 

Position of the crystal. Azimuth. obseSl&ns. 

Short diagonal in plane of reflection o* 57® 36' g 

One of the edges in plane of reflection 50 57^' 58 50 7 * 

Long diagonal in plane of reflection 90 59 4,4, 7 

In these experiments the results were the same, whether 
the obtuse angle of the rhomb was nearest or farthest from 
the eye, or whether it was to the right or left hand of the 
observer. 

In order to determine the angle of polarisation for surfaces 
differently inclined to the axis, I selected some fine Faroe 
crystals of calcareous spar from the cabinets of Sir George 
Mackenzie and -Mr. Allan. One of these crystals was an 
acute dodecahedron, having a highly polished surface inclined 
about 5® to the axis, and with it I obtained the following 
results. 

Position of the crystal. Polarising angle. No. of observations. 

Axis in plane of reflection - 54° i8' 13 

Axis perpendicular to plane of reflec- 
tion - - - 58 14 10 

I was now desirous to obtain a surface perpendicular to the 
axis ; but I have searched in vain for such a specimen, and 
have invariably found that the summit of the prism is rough 
and unpolished. With a surface polished by art, and cut per- 
pendicular to the axis, I found the polarising angle about 
58®^ 15^; but I do not regard .this result as deserving any par- 
ticular attention. 

In order to supply the defect of natural faces, I ground 
and polished a great variety of surfaces, inclined at all angles, 
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to the axis ; but the results clearly proved that tlie peculiar 
action of the surfaces, in varying the polarising angle, is ex- 
hibited only by the highly polished faces which are sometimes 
obtained from cleavage, or which occur in perfect crystals. 

The following observations W'ere made with a fine crystal 
of Chromate of lead: 

Position of the crystal. Polarising angle. No. of observations. 

Axis of prism in plane of reflection 67* 48' 4 

Axis of prism perpendicular to the 
plane of reflection - 65 4a 4 

In the first of these positions a great quantity of brilliant 
blue light remained unpolarised, whereas in the second posi- 
tion the whole of the pencil suffered complete polarisation. 

a. On the change produced upon the polarisation of the reeled 
tay^ by the interior forces of doubly refracting crystals. 

Since the extraordinary force in calcareous spar was thus 
shown to extend to such a distance beyond the surface as to 
modify the polarising angle produced by superficial reflection, 
it became extremely probable that the polarisation of the re- 
flected, ray might suffer some change from the same cause: 
but after the most careful observation, I could not discover 
the slightest indication of such an effect. Upon reflecting 
farther, however, on the nature of the change which I had 
expected, it occurred to me that the action of the ordinary 
reflecting force was so powerful, as to mask the influence of 
t^e inferior force which emanated from the axis, and that the 
effect of tke one might be rendered visible by diminishing the 
other. I accordingly introduced a film of oil 
of glass prism and the surface of the spar, 
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and having inclined the prism at a very small angle to that- 
surface, I thus separated the image formed at the common 
surface of the prism, and the oil from the image formed at 
the common surface of the oil and the spar. The effect was 
exactly what I had anticipated. The influence of the ordinary 
reflecting force was reduced almost to nothing, and the light 
reflected from the separating surface-of the oil and the spar, 
was polarised at an angle of about 45!^®, and was almost entirely 
under the' dominion of the force which emanated from the' 
axis. The following were the results obtained with an ordi- 
nary surface, inclined 45“ 9.^^ to the axis. 

Azimuth o®. When the plane of the principal section is 
in the plane of reflection, the light reflected at the surface of 
the oil and the spar is polarised in the plane of reflection, the 
obtuse solid angle being farthest from the eye. The light of 
the image is of a faint red colour, and has very little intensity. 

2. Azimuth 1 2®. The obtuse angle being farthest from the 
eye, the reflected pencil is polarised about 45® out of the 
plane of reflection. 

3. Azimuth 43®. The reflected pencil is polarised trans- 
verse to the plane of reflection, or go® out of it. The light 
is now of a yellowish white tint, and is much more intense 
than in azimuth o®. 

4. Azimuth go®. When the plane of reflection is perpen- 
dicular to the plane of the principal section, the obtuse solid 
angle being either to the right or left hand, the reflected 
pencil is polarised a little more than 135®, or — 45® out of the 
plane of reflection. The intensity of the pendl is now inter- 
mediate between that of azimuth o* and 45®. 

5. Azimuth 180®. The obtuse angle being now next tlje 

MDCCCXIX. X 
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eye, the pencil is polarised 180® out of the plane of reflection, 
or it has again returned into that plane. 

In passing through the last 45® of azimuth, the polarisation 
varies very slowly, the change being only about 10®; whereas 
in passing through the first 43® of azimuth, the polarisation 
varies no less than go®, indicating in the most unequivocal 
manner, as we shall afterwards see, that this change depends 
upon the angle which the incident ray forms with the axis of 
the crystal. 

The light reflected from the separating surface of the oil 
and the spar is a maximum^ when the plane of the principal 
section is perpendicular to the plane of reflection, and its 
colour is then nearly white. When these two planes coincide, 
the intensity of the light is a minimum^ and its colour is then 
a faint red ; and in intermediate positions, the reflected pencil 
has both its intensity and its colour of an intermediate 
character. In the azimuth of 43®, the reflected pencil exhibits 
a very curious phenomenon when analysed with calcareous 
spar. Its colour is then yellowish white, and all the yellow 
light is polarised transversely to the plane of reflection. One 
of the images, however, instead of vanishing, consists of him 
and red light, the red vanishing, and the blue becoming more 
brilliant as the analysing prism is turned to the left ; and the 
blue vanishing, and the red becoming more brilliant as the 
prism is turned to the rigla. This effect arises from the diffe- 
rence in the angles at which the red and blue rays are incident 
the separating surface of the oil and the spar. Each 
rays, therefore, as will afterwards appear, suffers a 
dijBSsr$!int change of pokrisaffon, ffie one being polarised about 
8^ out of th« pkne o£ refleeriem, and the other 93®. 
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I have repeated the preceding experiments by substituting 
in place of oil of cassia, water, alcohol, castor oil, balsam 
capivi, and oil of anise seeds, a series of fluids whose refractive 
powers increase progressively. With water, light refuses 
to be polarised completely in the direction of the long diago- 
nal, while it suffers complete polarisation in the direction of 
the short diagonal. With alcohol, the direction of the polari- 
sation is not altered. With castor oil, the intensity of the light 
is greater in the direction of the long diagonal, than in that 
of the short one ; and in the former case, the pencil is pola- 
rised at a much greater angle than in the latter. With balsam 
of capivi, in the azimuth of 45“, the pencil is polarised about 
15* out of the plane of reflection. In the azimuth of qo°, the 
pencil is not completely polarised at any angle, but is nearly 
so in the plane of reflection, and at a considerable angle of 
inddence. In o* of azimuth, the pencil is completely polarised 
in the plane of reflection. With oil of anise seeds, in azimuth 
45®, the pencil is polarised about 45® out of the plane of re- 
flection. In azimuth 90®, the pencil refuses to be polarised 
at any angle, and in o®of azimuth, the polarisation is complete 
in the plane of reflection. 

As the preceding results were obtained with a surface in- 
clined 45® to the axis, I was anxious to observe the 
effects produced by the Faroe crystals, where the natural 
faces are nearly in the plane of the axis. I accordingly 
repeated the experiments with a variety of these ciystals, and 
in every case I observed the same phenomena. In the azi- 
muth of 90®, whdre the polarising angle is 5^® 14', the pencil 
was polarised a d^ee or two out of the plane of reflection. 
In the, azimuth of 45*, where the polarising angle is aboiA 
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•56* l6^ the change of polarisation is about 40®; and in the 
azimuth of o®, where the polarising angle is 54,® l8^ the 
change of polarisation was a little more than 90® when the 
obtuse angle was farthest from the eye, and about 106° when 
the obtuse angle was nearest the eye. In all these positions 
the image reflected from the surface of the oil and the spar, 
is nearly as bright as that from the surface of the prism and 
the oil. 

In order to determine the change of polarisation when the 
plane of reflection was perpendicular to the axis, it was neces- 
sary to have a prismatic crystal of calcareous spar with a 
polished summit ; but I have always found this summit rough 
and unpolished. There was therefore no alternative but to 
polish an artificial face cut in this direction ; and upon the 
application of oil of cassia, I found that in every azimuth the 
change of polarisation was about 75®. The colour of the 
image was a bright yellow, and a little blue light remained at 
the point of evanescence. 

In extending these experiments to other crystals I have 
obtained similar results ; but there are none so well fitted for 
this species of examination as calcareous spar. In applying 
oil of cassia to a very fine prism of chromate of lead, the 
direction of the polarisation was not in the slightest degree 
altered, as the ordinary action was not sufficiently weakened 
to render visible the influence of the interior force. When 
the plane of reflection passed through the axis of the prism, 
bk^ light remained in the vanishing image ; but in a plane 
rectaajgulaj* to this, the light was completely polarised, as in 
the e 3 ^|»eiil»ent when the reflecting surface was in contact 
with air. 
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I now tried rock crystal and oil of anise seedsy which have 
nearly the same mean refraction ; but on account of the great 
debility of the interior polarising force, it was riot able to 
overpower or even to modify that which accompanies partial 
reflection. I could easily have reduced this last force still 
farther till it came under the dominion of the first ; but the 
reflecting power would have been reduced in the same pro- 
portion, and would not have been capable of driving back a 
number of rays suflScient to form a perceptible image. But 
though the polarisation is not changed at the separating sur- 
face of the oil and the rock crystal, yet the character of the 
reflected light is modified in a very remarkable manner. 
When the plane of reflection from one of the sides of the 
prism of rock crystal was in the direction of the axis, or in 
o* of azimuth, the reflected image was a deep blue of very 
little intensity ; whereas in a rectangular direction, where 
the azimuth was 90°, it was of a brick red colour, and much 
more luminous. On one of the faces of the pyramid, in azi- 
muth 0°, the tint wa.s a hrilliant pink, intermediate between the 
red and the blue ; and on the same face, in 90® of azimuth, it 
was of a brick red colour as before. These variations are 
obviously related to the axis of double refraction, and indicate 
the extension of its force within the sphere of partial reflec- 
tion. The origin of the colours themselves, I shall soon hav? 
occasion to explain, in a paper on the action of uncrystallized 
surfaces.* 

3. General results deduced from the preceding experiments. 

Had it been in my power to command a series of the most 

• This Paper was read before the Royal Sodety of Edinburgh, on the 4th Jaaaary 
1S19. 
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perfect crystals, or to communicate to artificial faces that high 
polish which nature often exhibits, I might have obtained a 
more complete generalisation of the preceding phenomena. 
Limited, however, as the investigation has been by these 
causes, it still presents us with several views of great generality 
and interest. 

First. The force of double refraction and polarisation ex- 
tends without the surface of crystals, and within the sphere 
of the force which produces partial reflection. 

Secokd. The change in the angle of polarisation produced 
by the interior force, depends on the inclination of the re- 
flecting surface to the axis of the crystal, and also on the 
azimuthal angle which the plane of reflection forms with the 
principal section. 

In -any given surface, where A and A" are the minimum 
and maximum polarising angles, viz. in the azimuth of o“ and 
go’, the polarising angle A' at any intermediate azimuth 
may be found by the formula 

A'=A4.Sin.‘«(A"— A). 

In the rhomboidal surfaces of calcareous spar 

A"— A =138'. 

Third. The change in the direction of the polarisation 
must be produced after the ray has suffered reflection ; for if 
the change preceded reflection, the reflecting force would 
have polarised it in the plane of reflection, whatever had been 
the direction of its previous polarisation. 

fatiRTH. The change in the direction of the polarisation 
dep^df; upon the -angle which the incident ray forms with 
the axis of the crystd, and takes place in such a manner 
that if 
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q> = angle of incident ray with the axis ; and 

C = change in the direction of the polarisation, 
we shall have 

Sin. i C = 1/ Sin. <p. 

If we make 

A = complement of the inclination of the reflecting plane 
to the axis ; 

*« = azimuth of the plane of incidence with the principal 
section ; and 

. z = angle of incidence reckoned from the perpendicular, 
we shall have 

Cos. a X Tang. A =Tang. z, and 
Cos. <t> rs 

^ Cos. 

In one of the ordinary rhomboidal surfaces where the in- 
clination to the axis is 45® agf', A=a 44® and with oil 
of cassia i or the incidence of the mean rayj when the polari- 
sation is complete, is about 45® 17^ I haye assumed it at 
45* ss|-' (which will be more correct for the mean luminous 
ray than 45“ 17O for the purpose of making the change of 
polarisation commence with zero in o® of azimuth. 

Upon these principles I have computed the following tabte, 
whttch shows the change in the direction of the polarisadcm,^ 
corresponding to any azimuth and any inctetion of flie ind- 
dent ray with the axis. 
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Table showing the change in the direction of the polarisation in 


different azimuths. 


Azimuth. 

Inclination of inci- 
dent ray to the axis. 

Change in the direction 
of the polarisation. 

0 

® / 

0 # 

0 

0 0 

0 0 

10 

6 54 

40 36 

20 

16 50 

65 6 

3^ 

23 0 

77 32 

40 

29 24 

88 52 


32 38 

94 34 

io S7i 

36 29 

100 54 

00 

42 17 

110 10 

70 

48 3* 

120 0 

So 

54 37 

129 8 

90 

60 0 

137 0 

xoo 

65 56 

145 48 

no 

7 > 4 

*53 4 

X20 , 

75 4 * 

*59 48 

129 2^ 

79 ** 

165 3 

m 

81 41 

169 46 

X40 

83 32 

*70 34 

150 

80 12 

174 52 

too 

88 18 

177 36 

170 

1 89 33 

179 28 

I So 

90 0 

180 0 


The results in the preceding table enable us to explain the 
phenomenon described in p. 154, As the interposed oil of 
cassia has a prismatic form and a very high dispersive power, 
the blue and the red rays are incident at different angles with 
the axis, and therefore the change in the direction of their 
polarisation must be different. The nearest approximation to 
evanescence in one of the images, belongs to the mean ray of 
the spectrum, and therefore at this point the image that should 
have vanished, must consist of blue and red light, one of which 
vrill disappear bffore, and the other after, the mean ray. 

I have the honour to be, &c- &c. &c. 

DAVID BREWSTER. 

To Hon. Sit Bart. 

C* B* R.S. &c» 

Edinburgh, Kov. xa, i8l8. 
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Postscript to Dr. Young’s Letter on the Reduction of Experiments, P. 95. 

5. Corrections for Refraction. 

I, A simple and convenient method of calculating the precise magnitude of the atmospherical refraction, 
in the neighbourhood of the horizon, has generally been considered as almost unattainable; and Dr. 
Brinkley has even been disposed to assert the “ impossibility of investigating an exact formula,” not- 
withstanding the striking specimens of mathematical skill, which,” as he justly observes, have been 
exhibited in the inquiry,” We shall find, however, that the principal difficulties may be evaded, if not 
overcome, by some very easy expedients. 

2, The distance from the centre of the earth being represented by .r, and the weight of the superincumbent 
column by y, the actual density may be called z, and the element of y will vary as the element of a: and as 
the density conjointly; consequently dyn;— m«da;j the constant quantity m being the reciprocal of the 
modulus of elasticity. The refractive density may be called 1 p being a very small fraction ; and it is 
easy to see that the perpendicular w, falling on the direction of the light, will always vary inversely as the 
refractive density, since that perpendicular continually represents the sines of the consecutive angles, belong- 
ing to each of the concentric surfaces, at which the refraction may be supposed to take place (Nat. Phil, IL 

p, 8i :) and u = ^ ® constant quantity. The angular refraction at each point will obviously 

be directly as the elementary change of this perpendicular, and inversely as the distance v from the point of 
incidence; whence the fluxion of the refraction will be ^ dr, as is already well known. 

3. For the fluent of this expression, which cannot be directly integrated, we may obtain a converging 
series by means ofthe Taylorian theorem; but we must make the fluxion of the refraction constant, and 


du 


d‘u 


that of the density variable; so that the equation will bett=:^.r being 

the initial value of u, when r s o. Now the whole variation^ of which u is capable, while z decreases from 
I to o, extends from to s ; or, since p is very small^ from s— to s; and dr being = we have 

the equation jfsrrvr + ’gj;' ^ But » r: (a?* — dv and ^ ~ . u ; 


2. . — V 'dr 

. , , , ^y , , da? dv 

and Qx being == — • — , and dw = — Asdar, v* = "t— . "r • 

^ mz ^ * dr mpsz dz 

4. We must now determine the value of the density «, which, when the temperature Is uniform, becomes sim- 
ply y ; but for which we must find some other function of y, including the variation of temperature ; and we 
may adopt, for this purpose, the hypothesis lately advanced by Professor XiIss li b, in the article Climate of the 
Encyclopedia Britannka, and suppose the density to be augmented, by the effect of cold, in the proportion of 

1 to I +« ajji n being somewhat less than ^ ; and since the density is as the pressure and the 
parative specific gravity conjointly, we have « y f i — «?! j > i -f - 

^ ... 2 * 


yy “ zz 
dr 


; com- 


,z dz 
r d™- 

.y y 


- ndz, and 


^ y ^yy t w dx v iy nn 7 ivv \ 

E = T+— + =ss 1 . + 


■ ■■ atjyy, nmu : _ ■ ^ ^ . 

+ r:trr;+ ». We may proceed to taie the next fluxion with 


re- 


mp szz ' mpsz^ 

spect to y, flf, and V, the vaxiatii&ns of u and ^ being tbraparatkely, inconsiderable: so that if we call 


do 

gj;=X + y + Z— *, its fluxion waiteX 


but since 


lydr 

dis 


zdz \ 

"Sr J 


d^v: 


zdz 

zdr 


(eowwSSSf 52^1 4 , 2 r.2? 4^ _ 4nyy \ ny; ! / y ” * . my* in^f 


21 

pSz 


+ 



■ zny^ 






a? 


.... V - . 1-271— I2/l« T .1 

, or, initially =: ) r= — — v. In the 

next place, calling this iluxion H (K-L — M-N-P-Q) we obtain, for the fourth, H (K-L -M-N 

t)dr + "^ Udr zdrj Ij'dr zdri \ yir zdr j i jdr air i 

($■- S-)-"" (^-S) (47 (= -^ -S-^ 


nyy 

-HN-il (_ 

ps 

^ 111 


/ 67iy 

_ —HP — fi- - 

i»y 

. W ' 


Z j ps \ Z 

“ Z5 " 







ny^ 


_ 4. 


27iy^ 

zS 


zS 




27iy in^y^ 


Z7ty 


z! 


Z' z- 

a'* z^ 


i2) = 

any any 27/3^5 ^^^3^4 

' " 77 “ ~s ^ 

zn^y'i 


\ ^ (y . 


2 //y* 


+ 


mp^s^ 


2 ^ 


277y* zny^ ^ S/zy , S/z^y’ _ 4«^y3 
*— • . - ”f* ...A ”~T^ "h 




i272y izn^y^ i27zy i2?zy 207iy i67iy i67iy t27zy i57ty , i67zy\ 

~+-y-+— +-15 — p-+— + -p — ;«-+—- + — ]. It 

will be unnecessary to continue the whole series any further 5 but it will be satisfactory to obtain 
that part of the sixth term, which is independent of u; and for this purpose we must take the 
fluxion of the first part with respect to y and z, and then with respect to v; and that of the second 

twice with respect to v only 5 and it will be sufficient in this case to employ the initial values of 

and which are ""^ and — $; and calling 1 4.474 =: k, the part required will be 

dr dr ps ps mps a • -y r * 

(— 2 yfe +5 +6^74 — 1074 48 ^ 74 * — 1474 ^ 4-8^74®— 1074® 4-12^74® — 3674 * 4 12^74® — 2874 * — 3^74 4574 


m®ys^ 


48W— xoTt* 4io^«* 14^3 410^74’ —XO745 416^74^ —3674* 416^/1® — 2871* —3/<:74 47« 48A«* 14W® 

* [—^43 444 «— '674 46 ^/ 4 ® 

n,j, a 

/ 1 427 4 1 (i + zn \» I 

mps 


+ 10 W — i8n3 4 — i4n3 416 M’ — 44 ns 4i6A?4* — 36rt3)- 


-1 074® 4 6^74®— 674® 4 8An®— 2874® 4 — 2074®] 


s 42 


mph^ 

1 4274 

mps 


mp^s^ 


( 2 — zn^zn 


— 2744874® 4874® — 474® 41274^ 4 1274* 4l2n® 41274^—2074® 4l6n3 4*6743—'J274® 416743 4 16743) — 

(*- 6 «- 20 «Hn 2 «’)+ . . . 


mps 


/ I42« 
\ zmps 


)r»+- 


— 274 — 127774 


6mph* 


vr^ 


6 . The whole equation becomes therefore ultimately ^s sr t7r 4 

/ I— 1674®— 2474^ 1-274 — 1 27474 2—^74—2074*411274^ »» . / fS— 674—5674® 4 3 ,^4.16^4 

\ 24 m®p®s* zj^mp*$'^ j \ j. 7207n®/7V ^ ' 

2 -* 6 »— 2074® 411 2 »®n / I 427 4 \ 2 — 672— 2074® 4 H 271^ 

J \ mps I \ mps 


7207»Ji*S* 


yzomph^ 


7®4 , ♦ . We also 


obtain# for finding^ on this hypothesis# the height x, corresponding to the pressure y and the density z, the 

zz 

» and g® 3 = i44«*» But 


expressionTWjp— m = 2 *’—— 4^1 bl ^beings: 

» q 2 »aJ— gy (i— jk) ^ zi-n^nzz 

the, utility of the Taylor t A tr theorem, thus applied# in oblaining a series, is not confined to Professor 

hypothesis ; it is equally well adapted to that of Lap lace, or to any other admissible supposition 

iSMtoag thh distribution of temperatures: ‘and we may therefore employ it in examining the comparative 

^ life itfsnlts ttf these djffierent hypotheses. 
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7. Now if we take for n the value rr *09, corresponding to the m-nltiplier 45, employed by Mr, Les- 


lie, the refractions in the immediate neighbourhood of the horizon will become too great by about ; a 
difference by far too considerable to be attributed to the errors of observation only; and we must infer, that 
the law of temperature, obtained from the height of the line of congelation, is not correctly true, if applied 
to elevations remote from the earth's suface. Professor Bessel's Approximation is also found to make the 
horizontal refraction too great. Mr. Laplace's formula, which affords a very correct determination of the 
refraction, is said to agree sufficiently well with direct observation also ; but in fact this formula gives a de- 
pression considerably greater than was observed by Gay Lussac, in the only case which is adduced in its 
support ; and the progressive depression follows a law which appears to be opposite to that of nature, the 
temperature varying less rapidly at greater than at smaller heights, while the observations of Humboldt 
and others seem to prove that in nature they vary more rapidly. Notwithstanding, therefore, the ingenuity, 
and even utility of Mr. Laplace's formula, it can only be considered as an optical hypothesis, and we are 
equally at liberty to employ any other hypothesis which represents the results with equal accuracy ; or even 
to correct our formulas by comparison with astronomical observations only, without assigning the precise 
law of temperature implied by them. The theory will however afford us some general indications for this 

purpose ; showing, for example, that the coefficient of the second term cannot be smaller than ^ s. 


whatever positive value we may attribute to «; and if we adjust the second and fourth coefficients, so as to re- 
present the refractions near the zenith and at the horizon, without regarding the value of the subsequent terms, 
we shall obtain the third, by dividing the fourth by half of the second ; since that part of the fourth coefficient, 
which occurs in the case, of horizontal refraction, is always derived from the third by taking the fluxion with 

» 6lV 

respect to v only, and is therefore found by multiplying the third by whatever the relations of the 
other quantities concerned may be. 


8. On every supposition, the coefficient of the first term must be — , and that of the second must not 
greatly differ from — . The third coefficient, on the hypothesis of a law analogous to Mr. Leslie's, 


wUl be 1 500 ; if we suppose the temperature to vary more uniformly, and make « =: y (i — i), the 

number will become 1900 ; or, taking z zi-yx*, 2200, m being 766, and t 176: and Mr. Laplace's formula 
will of course give a value still larger. In fact the result of observation is represented with sufficient accu- 
racy by the equation .0002825 zz v ~ + (2 *5 + -50 ^ v .L 4. 3400 (i. 254. • ^5 ^ , the 

barometer standing at 30 inches, and the thermometer at 50® s and this formula appears to be at least as 
accurate as the French tables. We have, for example : ^ 


Altitude 

Refr, 

Conn. d. T, , 

Altitude 

Refr. 

^ Conn, d. T, 

0 f 

1 # » 

i « 

0 ^ 

/ /< 

/ f 

0 0 

33 54 

33 52 

20 . 0 

2 39 

2 40 

5 0 

9 57 

9 56 

30 0 

^ 4* 

* 41 

10 0 

5 XI 

S 

45 .0 

58.15 

S*-3 


The difference is somewhat greater a few degrees above the horizon ; thus at 20 17^ 50% this formula makes 
the refraction 17' 16' V the French tables 17' 4'^ Braoleit/s 17' 30'', and Dr, Brinkley's observations 
reduced, tf 9*^ : but in such ca^s we can scarcely expect a greater degree of accuracy. 

9. The terrestrial refracfionmay be most easily determined by '‘an immediate comparison with the angle 

ud.27 uAsC 

subtended at the earth's centre, the fluxion of which is — , arid is initially the first part of the coef- 

fiicient of the second term of the series already, obtained, and is equal to 6 ; so that this angle, while it teUathis 
small, is six times the refraction : commonly, howev'er, the refraction in the neighbourhood of the* wth^^ 
surface is somewhat less than in riiis proportion* 

^ 10. The effects of Iferometrical and thermothetrical changes may be dieducedfrdm the fluxion of the equa- 
tion; if We make fit, pi anfl'n, or rather : and for thus putpo^ it will be oonvooienf to employ the j^orm 
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ps :z vr-f 


the value of the fraction, if m neglect the subsequent terms, becoming 


\2 (m— /) p$ 2 ^ 

3.41 ; and this expression is sufficiently accurate for calculating the whole refraction, except for altitudes of 

TT T 

— which we may call^ = v— + 

4. t'he coefficient of dr being 

\m — t p\ 


f \ I 

a few degrees. Now the fluxion of y + 

/ I ss\TT . , I V /I ss\ 2 r\, 

r s ^ ^ 5 i r \ ssw) p ssw 


t)p z 
rr f dw2 — d? 


rr fdm — dt\ 

i' m-Ti ‘ 


being 341, and m — on 


this supposition, 519, The proportional variation of oty, will be-^i^ for every degree that the ther^ 


mometer varies from 50® j and ^ being also 3-^5, 


will be — .003. 
m — i 519 X 500 


The variation of t 


can only-be determined from conjecture; but supposing the alteration of temperature to cease at the height 
of about 4 miles, it must increase, with every degree that the thermometer rises at the earth's surface, about 


, dt 


dt 


Tie* y being ^5, will be 


247 


.004. The alterations of the barometer will affect ^ 
519 X J20 . ^ ^ 

only, ^ being for every inch above or below 30. It is evident, since m == ^ 

the height of the barometer, and d the bulk of air compared to that of water, that m must diminish, as well 
as j!>, when the temperature increases ; and the correction for t being subtractive, the three variations will co- 
operate in their effects 5 but the proportion will be somewhat different from that of the simple densities. If 
we preferred the expression derived from Professor Les lie's hypothesis, we should merely have to substitute 

for — j , arid the variation depending on the law of temperature would become about -f as great, 

It must however be limited to such changes as affect the lower regions of the atmosphere only, its “ argu« 
ment" being the deviation from the mean temperature of the latitude ; but even in this form it cannot be sa- 
tisfactorily applied to the observations at present existing ; althougli it appears to be amply sufficient to ex- 
plain the irregularities of terrestrial refraction, as well as the uncommon increase of horizontal refraction 
in very cold countries ; and we may even derive from all these considerations a correction of at least half a 
second, or perhaps of a whole second, for the sun's altitude at the winter solstice, tending to remove 
the discordancei which has so often been found, in the results of some of the most accurate obsemtions 
of the obliquity of the ecliptic. 


T. y. 
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45 

M 

E 


Cloudy, rather hazy, 


2 

0 

57 

59 

K ; ■ 

59 

-C 

4-1 

I SE 

X 

Fine. j 

*4 

7 

0 

53 

S8 

K ; S 


§ 

E 

X 

Cloudy. 1 


2 

0 

60 

64 


62 

s 

E 

X 

[Fair. 


7 

0 

SJ 

|8 

Es ; 

1^ 

05 

E 

X 

Cloudy. 


2 

0 

60 

[ 04 

3o>29 

64 

-CJ 

EbyS 

X 

Fair. 

26 

7 

0 

59 

59 

■7 • r ; 

47 

.s 

N 

X 

Fair. 


2 

0 

62 

1 6s 

■7 • 

68 

*rt 

E 

1 

Fair. 


7 

0 

53 

59 

• 1 r n 

47 


E 

I 

Cloudy. 


2 

0 

63 

67 

Es^ 

671 


£ 

I 

Fine. 

28 

7 

0 

53 

58 

30,22 



N 

X 

Fine. 


2 

0 

64 

66 

30.16J 

68 


NNE 

I 

Fair. 

29 

7 

0 

5* 

|9 

30^*2 

f 


S£ 

X 

iClottdy. 


2 

0 

59 

bz 

30,12 

63 


SE 

X 

Cloudy. 

30 

7 

0 

5» 

P 

30,14 

4SJ 


ESE 

1 

Cloudy. 


2 

0 

55 

60 

30,11 

57 j 


* NE 

I 

Cloudy, 

3» 

7 

0 

5* 


30,00 

45 


SW 

I 

Cloudy, 


2 

0 

65 

64 

29,96 

7* 


SE 

X 

Fair. 
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METEOROLOGICAL JOURNAL 


for June, 1818, 



'time. 

Therm. 

Therm . 

Baiom. 

Sit’s 

1 

Winds. 


1818 



without. 

within. 


Therm* 

1 


Weather. 

H. 

M, 

0 

0 

Inches. 


1 

Points. 

m 

une I 

7 

0 

62 

60 

29,98 

57 


WSW 

1 

Cloudy, 


2 

0 

68 

63 

29298 

74 


NNW 

1 

Cloudy. 

2 

7 

0 

64 

^5 

30,02 

60 


sw 

I 

Fine. 


2 

0 

69 

67 

30,02 

76 


BW 

I 

Fine, • 

' 3 

7 

0 

62 

^3 

30,08 



W 

I 

Fine. 


2 

0 

72 

70 

30,09 

76 

, 

SW 

1 

Fair. 

4 

7 

0 

63 

63 

30,16 

S6 

n 

SE 

I 

FTazy and dark. 


2 

0 

73 

73 

30,18 


'tS 

ss 

s 

I 

Fair. 

5 

7 

0 

^3 

DO 

30,30 

56 


E 


Cloudy* 


2 

0 

71 

73 

30,301 

73 

% 

E 

I 

Fair. 

6 

7 

0 

63 

66 

30,34 

S 5 

E 


Fair. 


2 

0 

70 


30^3* 

75 

0 

jCj 

E 

1 

Fair. 

7 

7 

0 

62 

66 

30,26 

S> 

•M 

c 

E 

I 

Fair. 


2 

0 

71 

71 

30,33 

74 l 

0 

E 

I 

Fair. 

B 

7 

0 

64 

66 

30,26 

S 6 


E 

X 

Fine. 


2 

0 

69 


30,28 

74 

.52 

x; 

E 

I 

Fair. 

9 

7 

0 

65 

67 

30,25! 

S 6 


E 

X 

Fine* 


2 

0 

69 

73 

30,24 

74 


£ 

1 

Fair* 

10 

7 

0 


h 

30,^3 

S 3 J 

cej 

E 

X 

Fine. 


2 

0 

7 * 

74 

30,22 

78 


E 

X 

Pair. 

II 

7 

0 

68 

69 

30, Hi 

60 


E 

X 

Fine. 


2 

0 



30,11 

82 


E 

1 

Fine. 

12 

7 

0 

6S 

69 

30,04 

57 


E 

1 

Pine. 


2 

0 

7 ^ 

76 

29,99 

82 


E 

X 

Fine, Ther* 70 at 1 1 p.m. 

*3 

7 

0 

67 i 

70 

29.94 

63 


W 

I 


14 

2 

7 

0 

0 

11 

77 

70 i 

29,92 

39,94 

Is 

65 


E 

W 

1 

X 

Cloudy. J’lto'lorstorm.t 
Cloudy, t 


2 

0 



29,99 

73 


N 

X 

Cloudy. 


7 

0 

63 j 

68 ! 

.30,08 

58 


SW 

X 

Cloudy, but fine. 

16 

2 

0 


7 * 

30,03 

75 


w 

X 

Fine. 

7 

0 

65 

68 j' 

29,98^ 

61 


w 

1 

Fine. 



0 

7* 1 

70 

29,92 

7 S 


ssw 

X 

Cloudy. 
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METEOROLOGICAL JOURNAL 


for July, 1818. 


1818 

Time. 

Therm. 

without. 

Therm. 

within. 

Bdrom. 

Six's 

Therm. 


Winds. 

Weather. 

H. 

M. 

m 

HI 

Inches. 



Str. 

[an* 1 

7 

0 

64 

66 

30,16 

61 


W 

1 

Fine. 


2 

0 

p 

zi 

30,10 

P 


w 

1 

Cloudy. 

2 

7 

0 


66 

30,08 

01 


£ 

X 

Fine. 


2 

0 

68 

P 

30,12 

70 


£ 

1 

Cloudy. 

3 

7 

0 

6x 

64 

30,22 

S3 


SW 

1 

Fine. 


2 

0 


70 

30,18 

7S 


w 

1 

Cloudy. 

4 

7 

0 

64 

67 

30,09 

64 


NW 

X 

Cloudy. 


2 

0 

70 

72 

30,09 

74 

to 

<u 

NW 

X 

Cloudy. 

s 

7 

0 

65 

67 

30,08 

S9 

0 

N 

X 

Fine. 


2 

0 

70 

7* 

3o,o6j 


d 

M 

N 

X 

Fine. 

6 

7 

0 

63 

68 

30,11 

60 


S 

1 

Cloudy. 


2 

0 

P 

2:3 

30,09 

73 


E 

I 

Fine. 

7 

7 

0 

61 

67 

30,04 

|S 

o’‘ 

E 

I 

Fine. 


2 

0 

71 

?! 

*9,93 

83 

■Imt 

£ 

X 

Fine. 

8 

7 

0 


68 

29,88 

59 

0 

W 

I 

Cloudy, but fine. 


2 

0 

P 


29,91 

7* 

s 

NNW 

X 

Fine. 

9 

7 

0 

62 

67 

30.H 

55 

■J 

N 

X 

Fine. 


2 

0 

68 

fi9 

30,13 

74 


SSE 

D 


10 

i 7 

0 

5 + 

^7 

30,12 

54 

d 

w 




2 

0 

09 

69 

30,08 

74 


s 

X 

Cloudy# 

11 

7 

0 

6s 

65 

30,19 

00 


NE 

1 

Cloudy. 


2 

0 

JfO 

70 

*9,99 

74 


W 

I 

Fine. 

12 

7 

0 

63 

68 

*9,93 

63 


w 

X 

Rain. 


2 

0 

r 


29,81 

74 


w 

1 

Cloudy. 

*3 

7 

0 

65 

66 

29,80 

61 


w 


Cloudy. 


2 

0 


71 

29,90 

76 


w 


Fine. 

>4 

7 

0 

65 

67 

29,98 

59 


s 

X 

Fine. 


2 

0 

73 

21 

30,23 

79 


fSW 

I 

Fine. 

*5 

7 

0 

68 

68 

30,30 

02 


E 

X 

Fine. 


2 

0 


74 

30.30 

81 


W 

1 

Fine. 

16 

7 

0 

68 

68 

30,26 

64 


w 

X 

Fine. 




80 

76 

30,23 

■ m 


N 

1 

Pinew 
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METEOROLOGICAL JOURNAL 

for August, 1818. 



Therm, Barom. Six’s 
within. Therm. 


70 30,08 

66 30,10 


70 30.05 

67 30,07 

76 30,10 

67 30,11 


69 30ii6 

67 30,19 


66 30,12 

65 30,15 


70 ' 30,14 

66 30,25 

68 30,24 

67 30,17 
64 136,19 
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Time. 

H. 

M. 

7 

0 

2 

0 

7 

0 

2 

0 

7 

<5 

2 

0 , 

7 

0 

2 

0 i 

7 

0 1 

2 

0 

7 

9 

2 

0 




2 O I 62 

67 

75 

61 

63 

V 

60 

76 

7 o I 57 


METEOROLOGICAL JOURNAL 

for August, 1818, 


Barom. Six’s ( | Winds. 

Therm, j 1 




68 30,22 

70 30,24 

69 30,08 

67 29,94 

58 29,91 

69 30,02 

60 29,93 


30,22 67 

30,24 70 


30,08 63 

29.94 73 

29,91 56 


54 . 30,02 
64 30,28 

60 30,10 

63 30,18 


29,98 60 

30,03 67 

30,07 65 

30,19 84 


o" NE 
N 
NW 
N 
.3 ' N 
•5 N 
■S NE^ 
(3 E‘ 
NE 


76 30,19 84 

58 29,92 60 

72 29.97 75 

64 30,-oo 60 

77 3®.07 80 

59 *9.92 57 

76 29.97 8 1 

58 29,95- 58 
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METEOROLOGICAL JOURNAL 


for September, i8 18. 


i8i8 

Time. 

Therm. 

without. 

Therm, 
with hi. 




HH 

Weather. 

H. M, 

■ 

m 

Inches, 


Points. 

M 

Sep, I 

2 

. 3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

■ n 

\ '14 

", 

I'" 


6z 

64 

58 

61 

65 

I4 

61 

68 

64 

60 

F 

61 

60 

62 

62 

69 

60 

; 65'', ! 

66 

67 

62 ■ 
66, ; 
60 i 

65 
68. 
69 

67 

67 

tt 

II 

61 

6} 

67 

66 

62 

60 

62 

6z 

t* 

h 

: S 
■ ,g , 

66 

68 

69 

29,68 

29.75 

30.06 
30,02 

29.96 
29,98 
«9*97 

29*95 

29.97 
29*93 
29.75 

99,87 

29,91 

30.07 
30,00 

30.07 
29,96 
30,06 

>9.94 

29.96 

>9.95 

3O1O7 

29;96 

29194 

30,21 

29.97 

29,93 

*30,10 

30,01: 

129,96 

69 

ll 

63 

io 

68 

6a 

66 

62 

64 

57 

68 

61 

68 

6a 

' Iz : 

70 

61 

lo 

70 

61 

7* 

66 

65 ; 
i 70 

;■ 

& 

NE- 

NE 

E 

N 
: NE 

E 

SE 

E. 

SSB 

S 

SW 

SE 

NE 

N 

NW 

,• -N- 

N , 

;,BNE:. 

N 

NE- 
N- 
NW 
NWbN 
N ■ 
NW! 
WNW.I 
SE 
EE 
"B- 

,1' ■ 

1 

1 

I 

I 

1 

I 

1 

X 

X 

1 

X 

X 

t 

X 

1 

ir 

1 

; X ' 

X 

1 

1 

I 

1 

: X 

1 I 

,1 '! 

i-i 

t;, 

, " 

Cloudy^ 

Slight showers. 

Cloudy, 

Fine. 

Cloudy. 

Fine# 

Cloudy. 

Rain# 

Cloudy. 

Rain. 

Cloudy. 

Fair. 

Cloudy. 

Cloudy. 

Cloudy. 

Pine. 

Cloudy, but fine. 

Fair* 

Rain. 

Fine# ■ , 

Cloudy, 

Rain. 

Cloudy, but fine. 

Cloudy, but fine. 

Cloudy. 

Fair# 

Fair, 

Fine# 

Raih. 

Showers. 











METEOROLOGICAL JOURNAL 

for September, 1818. 



Therm. 

Therm* 

Barom. 

without. 

within. 


m 

l■Q|||| 

Inches. 


55 

29,84 

69 

69 

29.77 

53 


29,86 

63 

^3 

29,89 

5 « 

52 


63 

64 

30,05 

5/ 

55 

29,89 

63 

<55 

29^93 

1! 

60 ■ 

29,58 

66 

. 66‘ 

Z9.S7 

66 

6,1 

29,56 

68 

6S- 

^,60 

59 

60 

29,59 

63 

®5 

29,68 

59 

59 

29;68 

67 

68 

29.77 

1! 

59 

29,76 

66 

68 

29,81 

.59 

60 

29.75 

65 

i ^7 

29.55 

IZ 

58 

29.57 

68 

% 

29,66 

1! 

59 

29,65 

66 

66, 

29.72 

|9 

.,60 

29 63 : 

63 

' It 

! 29,77 i 

59 

i ^9,72 

64. 

■ 66 

,29,83 

, sj ^ 

|9 

29,85 

63 

65- 

: 29»96 



54 , NE , I 'Fair, 

70 El Rain, 

56 E I Fair. 

65 N I Fair. 

50 SE I Fair. 

67 Si Rain. 

55 ^ SSW I Fair. 

09 -0 S ; I Rain. 

50 5 N I Fair. 

68 cQ N 1,2, Rain. 

60 , ; o\ NE I : Rain. 

70 o NW I ’ Rain*^ 

6,1 .-S N I Cloudy. 

69 o ^ I Cloudy. 

58 S E I Cloudy. 

70 E l Cloudy blit fine 

57 *5 NE I Hazy. 

70 .S NW I ; Cloudy. 

.56 ^ I Cloudy. 

68 , N I Cloudy., 

55 E I Fam 

70 ' , NW “I’Rain./ 

N I . Cloudy. 

N t Fine. 

SW I : Fine. 

S I Fair. 

S : 1 i Fair. 

3 I Rain. 

Sg j . I , Fair.^, 

IvfeinV'. . 
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METEOROLOGICAL JOURNAL 

for October, i8i 8. 

1 


I Time. 

Therm. 

Theim. 

Barom. 


1 

1 Winds. 


i8i8 



without. 

within. 



1 



Weather, 







■ 




H. 

M. 

0 

0 

Inches, 

■jjjH 

1 

Points. 

B 


Oct. I 

8 

0 

1+ 

55 

29,57 

53 

1 

E 

1 

Cloudy, 


2 

0 

63 

64 

29,62 

68 


NE 

I 

Cloudy. 

2 

8 

o 

s* 

52 

29»43 

50 


ENE 

I 

Fair, 


2 

0 

62 

6z 

29*57 

65 


NE 

I 

Rain. 

3 

8 

0 

54 


29*47 

53 


E 

I 

Fair. 


2 

o 

63 

64 

29,67 

67 


E 

1 

Fair, 

4 

8 

0 

55 

56 

29,t6 

55 

tn 

E 

I 

Fair. 


2 

0 

61 

62 

29,62 

65 


N 

1 

Very heavy rain. 

, 5 

8 

0 

59 


29»46 

57 

C 

NW 

I 

Rain. 


2 

o 

65 

64 

29,57 

68 

>o 

N 

1 

Fair, rain in the night* 

6 

8 

o 

55 

55 

*9»43 

53 


N 

1 

Fair. 


2 

0 

60 

6i 

29.35 

65 

H 

NW 

I 

iieavy rain* 

7 

8 

0 

51 

53 

29.33 

5° 

4-< 

N 

h2 

Cloudy. 


2 

0 

59 

59 

29*52 

64 

c 

0 

N 

I 

Cloudy. [o^clock, a*m. 

8 

8 

0 

53 

p 

H 

S' 

s 

N 

1 

Cloudy, very foggy at 0 


2 

0 

60 

60 


63 


N 

Z 

Cloudy. 

9 

8 

0 

49 

5^ 


41 


NE 

I 

Cloudy. 


2 

o 

5? 

57 

1 s 

60 

c 

W 

t 

Fine. 

10 

8 

0 

sf 

5^ 

29,68 

S3 

vt 

36 

S 

1 

Cloudy, 


2 

0 

58 

62 

■ 2 1 ! 

61 


sw 

1 

Cloudy. 

ZI 

8 

o 

58 

60 

It SI 

P 


s 

z 

Cloudy. 


z 

o 

61 

61 

! s I ! 

63 


s 

1 

Rain. 

12 

8 

0 

S' 

60 

it r. 

52 


s 

I 

Fine, 


2 

o 

57 

68 

1: li 

6i 


w 

z 

Fine. 

^3 

8 

0 


62 I 

is 

49 


; SE 

1 

Cloudy. 


2 

0 

62 1 

66 

29.88 

64 


s 

1 

Cloudy. 


8 

0 

F ' 

6a 


53 


ESE 

1 

Fine. 


2 

0 

61 

f9 

^ 1 1 a i 

67J 


SbyE 

X 

Fine, 

IS 

8 

0 


63 

rl 3 M* 5 

56 


ESE 

1 

Cloudy. 


2 

o 

64 1 

66 


67 


SSE 

I 

Cloudy. 

i6 

8 

0 

H i 

64 


5^ 


SE 

1 

Cloudy. 


2 

0 

06 1 

66 ' 


66 


NW 

1 

Cloudy, 
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METEOROLOGICAL JOURNAL 


for October, 1818. 


V Q « 0 

Time, 

Therm. 

without. 

Therm. 

within. 

Barom. 

Si\*b 

Theim. 

1 

Winds. 

Weather* 

lo 1 0 

H. 

M. 

0 

0 

Inches. 

■■ 

Points. 

g 

Oct. 17 

8 

0 

. 56 


30,08 

56 


s 

1 

Foggy. 


2 

0 

62 

^5 

30,07 

^5 


ESE 

1 

Cloudy. 

18 

8 

0 

55 

62 

29,94 

5 * 


s 

I 

Cloudy. 


2 

0 

61 


29.95 

63 


s 

1 

Fine, 


8 

0 

54 

62 

29,98 

54 


w 

I 

Foggy thick weather. 


2 

0 

58 

62 

z 9>98 

61 


ssw 

I 

Cloudy aad dark. 

20 

8 

0 

f S 3 

6i 

30,06 


tn 

SE 

I 

Cloudy. 


2 

0 

59 

64 

30, 'C 

61 


SE 

I 

Fine. 

21 

8 

0 

48 

59 

So>i 9 

44 

c 

SB 

1 

Foggy. 


2 

0 

54 

bi 

50^15 

56 

'O 

s 

I 

Fine, 

22 

8 

0 

49 

57 

30,00 

48 


E 

1 

Fine. 


2 

0 

54 

57 

29.98 

55 


ESE 

* 

Cloudy, but fine. 

^3 

8 

0 

49 

56 

29^97 

54 

M 

SE 

I 

Cloudy. 


2 

0 

52 

55 

29,98 

54 

0 

E 

1 

Cloudy, 

24 

8 

0 

48 

i 55 


48 

§ 

E 

I 

Cloudy. 


2 

0 

50 

i 5 * 

30 »i 5 

5 ^J 

cn 

SE 

I 

Cloudy, 

25 

8 

0 

50 

54 

30 >o 3 


4 -» 

E 

1 

Cloudy and hazy. 


2 

0 

55 

59 

3-»03 

5S 


E 

1 

Fine. 

26 

8 

0 

5 * 

55 

30,06 

SO 


E 

1 

Hazy, 


2 

0 

59 1 

60 

30,06 

60 


E ‘ 

X 

Fine. 

27 

8 

0 

55 

56 

30, 1 2 



E 

1 

Hazy, 


2 

0 

58 

63 

30,14 

60 


E 

I 

Fine. 

28 

8 

0 

54 

|7 

30*15 

5 * 


W 

1 

Fine. 


2 

0 

61 

61 

30,16 

01 


NW 

1 

Cloudy. 

29 

8 

0 

54 

58 

30,28 

55 


W 

I 

Cloudy thick weather. 


2 

0 

56 

58 

30*32^ 

60 


w 

I 

Fine. 

3c 

> 8 

0 

51 

57 

30*30 

5 * 


w 

1 

Fine, rather hazy. 


2 

0 

57 

58 

30,07 

59 


w 

1 

Cloudy. 

35 

: 8 

0 

53 

57 

30*07 

53 


ssw 

I 

Cloudy. 


2 

0 

56 

58 

29,95 

58 


w 

1 

Rainy. 
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METEOROLOGICAL JOURNAL 





for November, 

1818 

• 



Time. 

Therm. 

Theim. 

Barom. 



Winds. 


rQtQ 



without. 

within. 


Tlicim. 




Weather. 

1 O 1 O 

H. 

M. 

0 

0 

Inches. 



Points. 

Str. 

Nov. I 

8 

0 

S' 

56 

23^0 

5'i 


SW 

I 

Efazy and cloudy. 


2 

O 

55 

5^ 

29 95 

57 


w 

1 

Cloudy. 

2 

8 

O 

50 

52 

29,94 

S'] 


w 

I 

Cloudjr and hazy. 


2 

o 

56 

57 

29,85 

59 


SW 

1 

Fine 

3 

B 

o 

53 

57 

26>77 

54 


SbyE 

1 

Fine, 


2 

o 

55 

60 

29,71 

59 


SE 

I 

Fine. 

4 

8 

o 

51 

5^ 

29354 

51 

uJ 

SSE 

I 

Cloudy. 


2 

o 

53 

57 

29,44 

57 

XI 

6SR 

1,2 

Rain. 

5 

8 

0 

54 

57 

29,42 

S+ 


ESE 


l<’oggy. 


2 

0 

56 

61 

29,34 

59 


SE 


Cloudy* 

6 

8 

o 

s+ ' 

60 

29.34 

55 

00 

0 

E 


Cloudy, rain in tlio nigh 


2 

o 

5^ 

64 

29,39 

59 


SE 


Cloudy. 

7 

8 

o 

S® 

60 

29,65 

54 


SE 

I 

.cloudy. 


2 

0 

55 

66 

29,76 

59 

0 

S 

1 

Fine. 

8 

8 

o 

47 

S8 

29,88 

46 


S 

1 

Hazy and foggy. 


2 

o 

s* 

57 

29,88 

57 


E 

I 

Cloudy. 

9 

8 

0 

46 

57 

29*95 

45 

X! 

E 

1 

riiick fog. 


2 

o 

59 

59 

29,97 

58 

.s 

SE 

[ 

Hazy. [hazy weathci 

10 

8 

0 

48 


29*97 

49 

ctf 

E 


iSmall drizzly rain and 


2 

0 

54 

56 

29,92 

54 


SE 


[Cloudy,^ [nigh 

ii 

8 

o 

48 

56 

29,77 

49 


E 

1 

Rain, wind and rain in tl: 


2 

0 

5* 

S« 

29,80 

54 


a 

1 

Cloudy, 

12 

8 

o 

43 

55 

29,68 

'IS 


E 

1 

Pine, rather hazy* 


2 

0 

49 

60 

29,62 

5 « 


£ 

X 

Fine. 

*3 

8 

o 

50 

57 

29,60 

48 


E 

1 

Fine. 


2 

o 

55 

63 

29,61 

57 


E 

1 

Fine. 

*4 

8 

o 

55 

If 

29.63 

S 3 


SE 

I >2 

Cloudy, rain in the nigh 


2 

0 

56 

66 

29.59 

58 


S 

2 ^ 

Cloudy. 

»S 

8 

o 

SO 

58 

29 S3 

49 


w 


Fine. 


2 

0 

S' 

57 

29.63 

54 


w 

> i 

j 

Cloudy. 
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1818 

Time, 

Theim. 

without. 

Therm. 

■within. 

Baiom. 

Six’s 

Tluriu. 


Wm< 3 s. 

Weather* 

H. 

M. 

M 

0 



1 

Nov, 1 6 

8 

0 

51 

57 

29,64 

48 

1 

W 

1 

Rain. 


2 

C 

57 

60 

29,54 

58 


NW 

1,2 

Cloudy. 

^7 

8 

0 

47 

S8 

29,75 

^7 


w 

J 

17 ine. 


2 

0 

51 

63 

2g,t 6 

53 


w 

1 

Fine. 

18 

8 

0 

42 

S6 

30,04 

42 


w 

1 

Fine. 


2 

0 

52 

62 

30,07 

50 


s 

I 

Fine. 

19 

8 

0 

49 

57 

30,07 

46 


s 

1 

Jloudy, and hazy. 


2 

0 

5 ^ 

63 

30,06 

54 

(A 

SE 

I 

Fine. 

20 

8 

0 

4 * 

58 

29,9s 

42 

r: 

0 

E 

1 

Fine. 

1 

2 

0 

47 

59 

29,86 

48 


E 

I 

Fine. 

21 

8 

0 

4 '' 

ss 

29*77 

40 


SE 

2 

Cloudy* 

1 

2 

0 

42 

59 

2„74 

44 * 

0 

E 

I 

Fine. 

1 23 

8 

0 

39 

52 

29,75 

39 

-T 

E 

t 

Cloudy. 

» 

2 

0 

42 

53 

29 75 

44 i 

x: 

E 

I 

Cloudy, but fine. 

^3 

8 

0 

49 

52 

29.5s 

40 

c 

S 

1 

Rain. 


2 

0 

54 

59 

29,61 

54 

1 

s 

1 

Fine, 

24 

8 

0 

5 ^ 

57 

- 9>73 

49 


sw 

I 

Rain. 


2 

0 

s* 

6 z 

29 b2 

53 

C 

wsw 

1 

Fine. 

25 

8 

0 

41 

56 ; 

30,11 

42 

s 

w 

I 

Rain. 


2 

0 

52 

66 

3 °’» 7 i 

5 ^ 


s 

I 

Fine. 

26 

8 

0 

5 ^ 

58 

30,14 

43 


s 

i,2 

Fine. 


2 

0 

53 

bo 

30,16 

55 


bW 

1.2 

Rain. 

27 

8 

0 1 

52 

60 

30,48 

52 1 


w 

I 

Cloudy, 


2 

0 

55 

h 

30,40 

57 


w 

I 

Cloudy. 

28 

8 

0 

52 

59 

30,40 



sw 

1 

Fine, 


2 

0 

56 

63 

3^»44 

58 


sw 

1 

Cloudy. 

29 

8 

0 1 

54 

59 

30,42 

54 ! 


sw 

1 

Fine. 


2 

0 

54 

59 

30,41 

59 


bW 

1 

Cloudy. 

30 

8 

0 1 

5 ^ 

6i 

30,23 

52 i 



I 

Cloudy^ 


2 

0 

53 

64 

30,21 

54 1 


s 

1 I 

Cloudy* 

1 
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i 8 z 8 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom* 

Six’s 

'J’hunn. 

1 

Winds. 

Weather. 

H. 

M. 

B 

Bi 

Inches. 



Str. 

>ec. J 

8 

0 

45 

61 

3 C '.05 

49 


SE 

1 

Cloudy. 


2 

0 

+1 

62 

29>97 

50 


s 

1 

Cloudy. 


8 

0 

46 

S 8 

30,00 

45 


NE 

I 

Cloudy. 


2 

0 

45 

6z 

30.01 

5 « 


W 

1 

Cloudy, 

3 

8 

0 

47 

s6 

29,65 

44 


s 

2 

Rain. 


2 

0 

48 

60 

29,61 

48 ' 


sw 

1,2 

Cloudy. 

4 

8 

0 

46 

57 

29^53 

46 


SE 

1 

Fine, 


z 

0 

48 

58 

29*46 

51 

tu 

SE 


Cloudy. 

s 

8 

0 

46 

55 

29>49 

46 

4S 

0 

SSE 

X 

Fine. 


2 

0 

so 

60 

29.55 

52 

G 

mmi 

SW 

I 

Cloudy. 

6 

a 

0 

4 * 

54 


43 

w 

SE 

1 

Fine, 


2 

0 

49 

55 

29,61 

59 


SE 

I 

Cloudy. 

7 

a 

0 

49 

55 

29,44 

46 

0 

S 

I 

Cloudy, 


2 

0 

5 ^ 

61 

29,48 

53 

xs 

SW 

1 

Cloudy, 

8 

8 

0 

so 


2972 

49 

0 

8 

1 

Rain. 


2 

0 

50 

01 

29,87 

54 


W 

1 

Cloudy. 

9 

8 

0 

44 

56 

30>04 

44 

tn 

,q 

S 

I 

Hazy* 


2 

0 

45 

59 

30.05 

49 


8 

I 

Rain. 

10 

$ 

D 

40 

53 

30,14 

39 

1 

N 

X 

Fine, 


2 

0 

+ 5 . 

58 

3 o .>5 

46 

05 

! N 

I 

Fine, rather hazy, 

n 

8 

0 

38 

54 

30.12 

37 


NE 


Cloudy. 


2 

0 

45 

56 

30,16 

-^3 1 


SW 

1 

Fine. 

12 

8 

0 

36 

51 

30,14 

3 <> 1 


N i 

I 

Cloudy* [weather. 


2 

0 i 

43 

56 

30,14 

44 


NE 


Cloudy and foggy, dark 


8 

0 1 

39 

52 

30,16 

38 


E 

I 

Fine, 


2 

0 

42 

5 * 

30.17 

43 


NE 

i 

Hazy. 

*4 

8 

0 

39 

5 « 

30,21 

38 


N 

I 

Fine. 


2 

0 

4 * 

58 

30.21 

43 1 


N 

X 

Fine. 


8 

0 

38 

52 

3 o>i 7 

38 


N 


Fine. 


2 

0 

39 

S 3 

30,08 

39 


NNE 


Foggy, 

x6 

8 

0 1 

32 

48 

30,02 

32 


E 1 

X 

Fine, 


2 

- ^ ’ 

34 

55 

30,08 

36 


NNE! 


Fine. 
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1818 

Time. 

Therm. 

without. 

Therm. 

within. 

Barom. 

Six’s 

Therm. 


Winds. 

Weather. 

H. 

M. 

0 

0 

Inches. 


Points. 

Str. 

Dec. 17 

8 

0 

24 

48 

30^13 

* 

26 

1 

W 

1 

Fine, rather hazy. 


2 

0 

34 

53 

30,08 

35 


NNW 

1 

Cloudy. 

18 

8 

0 

28 

46 

29,86 

28 


W 

1 

Fine, rather hazy. 


2 

0 

38 

54 

29,80 

40 


WbyN 

1 

Rain. 

19 

8 

0 


49 

^0,24 

33 


w 

I 

Fine. 


2 

0 

36 

54 

30,28 

37 


w 

1 

Fine. 

20 

8 

0 

43 

48 

30,13 

36 

tn ^ 

(U 

SW 

1,2 

Cloudy. 


2 

0 

47 

48 

30,05 


■g 

NW 

1,2 

Cloudy. 

21 

8 

0 

48 

49 

30,08 

4 f 

C 

w 

w 

1 

Cloudy. 


2 

0 

48 

49 

30,22 

48 

VO 

w 

1 

Fine. 

2 Z 

8 

0 

30 

52 

30 > 5 i 


0 

00 


I 

Thick fog. 


« 

0 

33 

53 

30,53 

3 ^ 

El 


1 

Thick fog. 

33 

8 

0 

35 

5<5 

30,43 

32 

:S 

£ 

X 

Thick fog. 


2 

0 

36 

53 

30.35 

37 

§ 

£ 

X 

Foggy. 

34 

8 

0 

38 

48 

30,27 

30 

s 


X 

Thick fog. 


2 

0 

33 

53 

30,25 

35 

CO 

N 

X 

Fog. : 

25 

8 

0 

39 

49 

30,15 

3° 


w 

X 

Foggy. 


2 

0 

37 

46 

30,08 

38 

d 

s 

X 

Hazy and cloudy. 

26 

8 

0 

33 

45 

29,91 

3 | 

03 

ESE 

I 

Cloudy. 


2 

0 

33 

53 

29,90 

36 


SSB 

X 

Cloudy. 

37 

8 

0 

35 

44 

30,08 

35 


SW 


Cloudy; 


2 

0 

39 

45 

30,14 

40 


SE 



28 

8 

0 

36 

44 

30,44 

35 


N 

Q 

Fine. 


2 

0 

4 * 

50 

30,50 

4 * 


N 


Fine. 

39 

8 

0 

35 ; 

46 

30,61 

35 


S 


Cloudy. 


2 

0 

37 

49 

30,58 

39 


N 

Q 

Fine. [white frost 

39 

8 

0 

39 

44 

30,49 

3 » 


NW 


Cloudy and foggy. A 


2 

0 

36 

S» 

30,46 

37 


N 


Hazy. 

3 » 

8 

0 

35 

43 

30,43 



1 N 

^a 



2 

0 

38 

50 

30,41 

38 


N 

1 
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i8i8. 

Thermometer 

without. 

Thermometer 

within. 

Barometer 


Six’s Thermometer. 



Rain,+ 

Greatest 

height. 

Least 

height. 

Mean 

height. 

Greatest 

height. 

Least 

height 

Mean 

height. 

Greatest 

height. 

Least 

height. 

Mean 

height. 

Greatest 

height- 

Least 

height. 

Mean 

height. 

■ 


Deg. 

Beg. 

Deg. 

Deg. 

Beg. 

1^^ 

Inches. 



m 

Beg. 

Beg. 

Inches. 

January 

53 

28 

4 t 7 

59 

41 





55 

26 

4*4 

1,461 

February 

s< 

26 

38,4 

62 

42 

51,6 

30,22 

29,05 

29,72 

56 

2d 

37.6 

0,727 

March 

s* 

33 


68 

46 

54.5 

30.34 

28,84 

29,67 

55 

3 * 

43.3 

0,986 

April 

64 

40 

48,4 

68 

5 > 

57^9 

3040 

29,13 

29.71 

65 

33 

48.5 

1,791 

May 

69 

48 

56,0 

68 

S 3 

60,4 

30.35 

^ 9*34 

29,84 

69 

41 

SS >4 

».597 

June 

78 

57 

66,1 

77 

60 

67,8 

3044 

29,65 

30,03 

8s 

so 

66,1 

0,407 

July 

80 

61 

68 , g 

81 

64 

704 

30^3^ 

29,80 

30,05 

89 

S 3 

69.5 

0,361 

August 

77 

S 3 

65,6 

77 

54 

664 

30,28 

29,91 

30,08 

85 

ss 

68,1 

0,278 

September 

69 

5 » 

69,3 

70 

5 * 

63,5 

30,21 

29.55 

29,86 

77 

50 

64,3 

0,972 

October 

66 

48 

56,2 

69 

5 * 

59.6 

30.32 

^ 9*33 

29,87 

68 

4 » 

56,6 

1,166 

November 

S 9 

39 

50,8 

66 

S* 

CO 

00 

c> 

29.34 

00 

59 

39 

51,6 

1,084 

December 

50 

24 

39*6 

6z 

•43 

s 

30,61 

29.44 



^5 

40,4 

0,806 

Whole year 

■ 

1 

S 3 >> 



59.6 



00 

00 



53*5 

11,636 


* The quicksilver in the bason of the barometer, is feet above the level 
of low water spring tides at Somerset-house* 
t The Society’s Rain Gage is 114 feet above the same level, and 75 feet 
6 incheis above the surrotiiiding ground. • 

Mean vtrkrioa of the magnetic needle, June iSiS, 240 15^ West 
Dip about 70** 51’* 
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XII. On the specific gravity y and temperature of Sea Waters, in 
dfiferent parts of the Ocean, and in particular seas ; with some 
account of their saline contents. By Alexander Marcet, M. D. 
F. R. S. &c. 

Read May so, 1819. 

Wh iLE analyzing the waters of the Dead Sea and the River 
Jordan, about twelve years agOj and conversing on the pecu- 
liarities of these waters with a late valuable and lamented 
Member of this Society, Mr. Tennant, it occurred to us that 
a chemical examination of different seas, in a variety of lati- 
tudes and at different depths, might be interesting; and that, 
however unlikely to be productive of any striking discovery, 
such an inquiry, conducted with due care and attention, might 
afford curious results}, and throw some light on this obscure 
subject. We accordingly began to collect specimens of Sea water 
from vaiious parts of the globe, and it was agreed that ! should, 
aided by Mr. Tennant’s occassional advice, submit them to 
chemicaianaysis.,;;' v; ^ 

In the course of a few years I became possessed, threiigh 

*, MDCCCXl-X,': ' 


i62 Dr. Marcet on the specific gravity, and temperature. 

the kindness of several friends, of a great variety of specimens 
of sea water ; and I was preparing to examine them, when a 
most deplorable accident deprived science of the sagacious 
philosopher from whose friendship and enlightened assistance 
I had anticipated so much advantage. Procrastination and 
delay were the natural consequence of this misfortune ; and I 
should probably have entirely lost sight of the subject, had not 
my intention been again directed to it by the late expeditions to 
the Arctic regions, and the great zeal and kindness of some of 
the officers engaged in them, in procuring for me specimens 
of sea water, collected in different latitudes, and under peculiar 
circumstances, so as to add greatly to the value of those 
which I previously possessed.* 

I must not omit to observe, however, that this subject has, at 
various periods, engaged the attention of philosophers. Thus 
Bergman, f Watson, J Nairn, § Bladh, j| Lavoisier, <(f 
Pag^s,** Phipps, • f’f LiTCHTEMBEaG,*];j Pfaff,§§ Bouillon- 
La Grange and Vogel, (|I| &c., have turned their attention to 
the subject of sea water, and ascer^ained some valuable, though 
in general detached and often discordant facts; and more 
lately ihe celebrated traveller Humboldt, f f Dr. Murray of 


* I am also indebted, both to Sir Josbi’ h Ba n ks and to the British Museum, for 
various specimens of water fr9m the saipo expedition. 

f Bsroman’s Opusc. Vol. I. t Watson’s Chemipal Essays, Vol. V. p. 91. 
Philos. Trans, for 1776; li Kirwan's Geological Essays, p. 350. 

‘ :|f,'LAyoisiER’s Memoir*, 177*.',., , 


, ^pAORf * ropnd the World, from 1767 to 1771. 



• , SI Pfaff, ibid. 

; aa4.Aftn. of Philos. IV. zoo. 

Vol. Ir/ ^ 



of sea "Waters, in different parts of the ocean, ^c. i6$ 

Edinburgh, * Dr. John Davy, now of Ceylon,'f- and M, 
Gay-Lussac, J have also added many useful facts to this 
part of natural science. These two last observers, in particular, 
have given the spedfic gravities of waters in a variety of lati- 
tudes, from England to Ceylon, and from South America to 
France, and their results appear to lead to the general conclu- 
sion, that the variations obtained in those parts of the ocean 
were but very slight, and are to be ascribed rather to acci- 
dental causes than to any general principle, § 

The immediate objects of investigation which presented 
themselves to ns|e were, first, to ascertain the specific gravities 
of upwards of seventy specimens of sea water which I had 
procured from different parts of the world ; and afterwards to 
examine whether any differences could be traced in the chemi- 
cal composition of those waters. This naturally gave rise to 
two distinct parts, and afforded a convenient mode of dividing 
the subject. 

§ 1 . Of the specijw gravities of sea waters, from different seas, 
and in different latitudes ; with som^ remarks on the tempera- 
ture of those seas. 

Before I proceed to state the results, I shall briefly describe 
the mode in which the waters were weighed, and the appa- 
ratus which I contrived for the purpose of raising water from 
the bottom of the sea. 

The specific gravities were taken in the usual tuode, that is, 
by comparison with, equal bulks of distilled water of the same 

* ££nb. Philos. Trans. Vol. VUI. f Riilos. Trans, for 1817. 

t Ann.d!eClum.fijrDec. 1817; andPhilos.Magaz. VoliH, 

§ M.De HtfMuoLPT {Personal Narrativetf^ol. /.) thonght heoo^ percMW? rjj a i f 
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temperature.* The balance I used was one which was sen- 
sibly affected by ^ grain ; but I did not think it 

necessary to use smaller weights than •j^th part of a grain : 
so that whenever, in the annexed tables, smaller weights are 
expressed, in the sixth decimal figure, such very minute parts 
must not be understood to have been obtained from actual ex- 
periment, since they resulted, by calculation, from the conver- 
sion of the weights actually obtained into the usual standard 
of 1000 parts. 

The first idea of the apparatus which I contrived for raising 
water from the bottom of the sea, occurred tW me about ten 
years ago, on accidentally seeing in an instrument maker's 
shop, a machine, said to be the identical one which was used 
for a similar purpose by Dr. Irving, in Captain Phipps's 
(since Lord Mulgrave) expedition.-f- This consisted simply 
in a cylindrical vessel having an opening at the top, and a si- 
milar one at the bottom, each closed by a flap or valve opening 
only upwards, and moving freely upon hinges. When this 

sea water was less salt befureen the tropics than between the coasts of Spain and Tene. 
riffe } and his obserrations seem to lead to the inference, that there is 3 specific gravity 
peculiar to the water of each zone; a conjecture, however, which the facts collected in 
this paper do not appear to confirm. 

* It may perhaps be worth while to mention a small improvement which was intro- 
duced in the vessel used for weighing the waters. The apparatus consisted in a thin 
phial, nearly spherical, containing between five and six hundred grains of distilled 
water, and having 3 very light ground glass stopper. But as I had observed on former 
occasions; that such phials were apt to burst on the stopper being forced in, from the 
cpnapression.of the liquid with which they were filled, I had the stopper made with a 
'(^y teall l<ihgitudinal; ,apertur? through it, sO As to allow a minute quantity of water 
; Md' this'Was Very easily accomplished (by-Mr. NswM ASjofLisle-strwt) 

• by s|<%per of a portion of thermometer tube, the bore of which perfectly 

/ imsv?«i^s^iteit«d ‘ 



of sea waters, in different parts of the ocean, &c. 165 

apparatus was sunk into the sea, the valves would, of course, 
be kept open by the current of water passing freely through 
the machine so long as it descended ; and when drawn up 
again, the valves would be kept closed by the water acting in 
an opposite direction. As however, in heaving a machine of 
this kind from a great depth, it is almost impossible that some 
oscillations should not take place in it, either from the motion 
of the boat, or from some accidental jerks in pulling the line, 
it is evident that these oscillations being necessarily communi- 
cated to the valves, partial changes of the water contained in 
the vessel are almost unavoidable. It was principally with a 
view to remove this objection, that I modified the principle 
of the apparatus in the following manner. I procured a strong 
cylindrical brass vessel, capable of holding about half a pint of 
water, and having, like Dr. Irving/s machine, an aperture both 
at the top and bottom, with a valve at each aperture opening 
upwards. But these valves, instead of being allowed to move 
backwards and forwards freely upon their hinges, were, when 
closed, firmly locked by springs ; and when open, could only 
be kept in that state by the application of a certain degree of 
force. This force consisted in a, weight of several pounds, 
suspended to the extremity of a cord, the other end of which was 
fastened to the valves ; and the machine was so consltructed 
(as will be readily understood by referring to the annexed 
sketch, Plate XL ) , that the moment the valves were relieved 
ofthe weight which kept them open, they closed instantly, and 
wereforcibiy locked by the above mentipned contrivance. Now 
the machine being open, with the weight suspended to it at a 
few feet cBstahcei and the whole being let down into the sea, 
it is evident that the appajratus must cc^tinue perfectly open 
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and pervious till the weight touches the bottom, at which mo- 
ment it closes itself, and remains, in that state. The water 
brought up in this machine, therefore, can only come from the 
bottom, and from no intermediate depth ; for whenever the 
apparatus fails in reaching the bottom, it continues pervious, 
and on being raised out of the water is found open, and emp- 
tied of its contents. The advantage however of raising water 
from the bottom with certainty, whenever the bottom can be 
reached, is a valuable one, and has already enabled me to 
ascertain some curious points respecting the sea of Marmora, as 
will be presently seen ; and if some mode could be contrived 
of closing the machine at any desired intermediate distance 
from the surface (an object to which I have directed the at- 
tention of the ingenious instrument-maker, Mr. Newman), it 
it: would then answer every desired purpose.* 


^ Since this paper was written, Mr, Newman has succeeded in constructing a 
machine, (just in time to be put on board of Lieut. Parry's ship, about to sail to 
Baffin's Bay), which seems well calculated to answer the desired object, under any 
circumstances. The principle is essentially the same as that of the machine which 
T have just described, namely* that pf closing itself when it touches the bottom ; but 
with this material addition, that the Valves, when the bottom cannot be reached, may 
be closed at any given depth, by causing a weight to descend along the cord to which 
- the machine is suspended, till it comes into contact with it, and closes the valves by an 
appropriate contrivance. A sketch of this machine, with its explanation, is also an- 
nexed at the end of this paper, Plat e XIL 

Among the attempts which have been made to bring up water from any given 
depth, I should.not omit to mention an ingenious contrivance of Mr. Tennant, 
which he thought calculated to answer the purpose tolerably Well, and which, as will 
1:^ hetea^er, was used some years ago 

r' .cpntrj'vance' consisted ‘in a wooden., box, capable of' holding a fw 

; a snuff-box, by a lid moving upon hinges, and fit* 

by a spring; but ' 

^ priwented from shutting itself 
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I shall now proceed to state the results which I have ob- 
tained in regard to the specific gravities of sea water ; and for 
the sake of conciseness.! shall present them in the form of 


again by means of a small spring or wedge* It remained open so long as it descended ; 
but when pulled up again, the wedge was thrown out of its place, and this obstacle 
being removed, the box closed itself instantly. This was effected by means of a small 
fly-wheel, so confined as to admit of no motion during the descent of the machine; but 
the moment it began to ascend, the pressure of the water communicated to the wheel 
a rotatory motion, which, through a little mechanical contrivance, disengaged the 
spring and closed the box. 

Another, and more elaborate invention, of the same kind, (a description of which may 
be found in the 'Journal of Science and the Arts, Vol. V.) was devised last year by Sir 
Humphry Davy, and was repeatedly used in the late voyages towards the North Pole ; 
and in fact, many of the specimens of waters from those regions, w^hich I have examined, 
were raised by means of that ingenious, though I apprehend, not unexceptionable ap- 
paratus. 

The principle of this instrument may be stated in a few words. It consists in a 
strong copper bottle of an oblong shape^^iosed at its neck by a stop-cock, ^ To this 
bottle is attached laterally, and in a parallel direction, a metallic tube closed at the 
top and open at the bottom, with an air-tight piston moving within the tube. As the 
open end of the tube therefore descends into the sea along with the bottle, the piston 
which closes the orifice of the tube is gradually forced upwards into it, as the ma- 
chine sinks^ the air within it being proportionally compressed ; but when the piston 
has reached a certain part of the tube, it meets with a catch and opens the cock of the 
bottle, which, of course, instantly Alls with water ; and there is an ingenious contriv- 
ance by which the machine may be set before hand, so as hot to let in the water till a 
certain known degree of pressure is made by the superincumbent column. 

Captain Boss, in his account of his ' Voyage to the Arctic regions^ ( Appendix, 
page exxiv.), makes the following observation ; ' Sir Humphry Davyds apparatus 
answered the purpose for which it was intended ; but it did not clo^ so as to prevent 
the water from escaping or rhbdhg with that nearer the surface as it came up,^ This 
obj^tion however, which might probably he removed, is of no great importance, as 
the aperture in question being very small, and situated at the upper end of the vessel, 
there is no risk of any sensible change taking place in tlie contents of the vessel through 
that aperture^ vvhile traversing the upper strata. But the machine appears Uabl to the 
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tables, taking care to annex to each specific gravity, under the 
head ‘ observations,’ any collateral information which I may be 
able to offer. 

more serious objection of depending for accuracy upon very niee adjustments, which 
can hardly be relied upon under very great pressures, 

Lieut. Fk AN KLXN, who commanded his Majesty's ship the Trent, and was not 
provided with one of Sir Humphry Davy's machines, sometimes used a cylindrical 
leaden vessel with, two valves, like that employed by Dr. Irvin o ; and at other times 
he made use of an empty corked bottle, the cork being strongly tied to the bottle. In 
every instance the bottle was found filled, the cork having been forced into the 
bottle; except on one occasion, on which the bottle had filled itself without the cork 
being driven in, not apparently from its being more strongly fastened than in other 
cases, but rather probably from its being more jwous, so as to allow the water to 
filter through it before the pressure was suflSlcient to move it from its position. Lieut. 
Fra If Km N had with him my instrument; but he used it only in a few in- 
stances, on account of its being too light to reach great depths, and of too delicate 
a structure to render the addition of a very large weight practicable ; an objection 
however which may very easily be remedied. From all these circumatances it is easy 
to perceive, that the means used for raising v||iter from great depths, have hitherto been 
far from uniform in their principle, or certain in their performance* 
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T ABLE I. Specific Gravities of Sea Waters. 


... ^ 
= 

X .=* 

o *3 

cc 

Latitude. 

Longitude. 

Specif. 

Giav. 

OBSERVATIONS. 

1 

66,50 

68 , 3 oW 

1025,55 


2 

74^0 


1025,46* 

By Lieut. Pany, from the surface. The ship sm rounded by ice in 
every direction. Temperature of the water 3l“, of the air 34 ®; 8 July, 
1813. 

3 

74^50 

59.30 

1026,19 

By laeut. Parry, Temperature of water 32®, of air 36*. 

4 

7S>*4 

4.49E 

1027,27 

By Lieut. Franklin, from the surface, 10 Sept. 1818. 

5 

75»H 

449 

1027,27 

By Lieut Franklin, raisetl with the cylindneal machine, from a 
depth of '■56 ftns. Temperature of the water brought up 36°, of the 
air 35° ; 10 September, 1818, 

6 

75»S4 

65,32W 

1022,7 * 

By Captain Ross, from the surface, 4 miles from the land ; 12 Au- 
gust, 1818. 

7 

75.54 

1 

65.3 a 

1025,9 

By Capt. Ross; from a depth of 80 fms. with Sir H. Davy’s ma- 
chine Soundings 150 fms. 12 August, 18184 ,^ 

8 

76.3* 

76,46 

1024,05' 

By Capt. Ro s ; from the surface. Soundings 109 fms, 22 August^ 
1818. 

9 

76,32 

76,46 

1026,22 

By Capt. Ross ; from a depth of SO fins. Temperature 30 , 5 ° 5 22 
August, 1818 . 

lO 

76.33 


1026,64 


11 

79>S7 

11.15E 

1026,7 

By Lieut. Franklin, from a depth of 34 fms. Temperature of the 
sea at the suiface 30,3°, at 34 fms. 33,2® ; of the air 35,2°. 

12 

80,26 

10,30 

1022,55^ 

By Lieut. Franklin, i3 July, from the surface ; ship beset with ice 5 
12 leagues from the Coast of Spitzberg. Temperature of the surface, 
32,5“ , of air SS°. 

13 

80,26 

10,30 

1027,14 


H 

80,26 

10,30 

1027,15 


*5 

80,28 

10,20 

ioz6,8 


i6 

80,29 

n,o 

i 

1026,84 



N. B. The specimens marked * in the three first tables, cannot be talccn into account in calculating the mean spedfie 
gravity of the waters of the ocean, their saline contents being mudh diminished either by the vicinity of large masses 
of ice, or of great rivers, which reduce them much below the average standard of density of sea water. 
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Table II. Specijk Gravities of Sea Waters. 


Designation 
of Seas» 

Nos. of 
Specimens. 

Latitude. 



OBSERVATIONS. 


17 

63^49 

S5.38W 

1026,7 

By Lieut. Parry, in July, I8I8 ; from a depth of so fms. Tempe- 
rature of the water 33 Jo of the surface 33 ®, of the air 3 a§® 


18 

59,40 

14,46 

1030,04 

By Capt. Basil Hall ; from the surface. In July, 1811 . 


^9 

56,22 


1026,56 

Taken up by Dr. Berger, about 15 leagues from the West Coast of 
Jutland; depth 33 fms. Dec. 1810 . 


20 

54,0 

4.30 

1026,8 

By Dr, Berger ; Calf of Man, Irish Sea, 


21 

53>45 

0,20 

1026,7 

By Dr. Berger ; near Hull. 

& 

22 

5245 

4,0 

1021,75* 

By mvself 5 from Barmouth, Wales, near the mouth of the river 
Muwdack, 


23 

48,25 

6.34 

1030,02 

From Mr. Tennant 5 taken up by Mr. Lushington. 

-a 

24 

46,0 

48,0 

1026,48 

By Mr. Caldewell, Cokst of Canada. Temperature of water 49®, of 
air 50 ®. 

s 

E ’ 

*s 

4520 

45,10 , 

1028,16 

By Mr. Caldwell 5 brought up from a depth of 350 fms. by means 
of a corked bottle. 


26 

45,10' 

^ 15*0 

1029,34 

By Capt. Hall, in January, IHXi, 

0 

Hr 

27 

25*30 

32*30 

1028,86 

By Capt. Hall ; nearly in the middle of the North Atlantic. 

A* 

28 

22,0 

89,oE 

1020,28* 

By t ‘apt. Hall; from the mouth of the Ganges, about 30 miles 
from Calcutta. Water muddy, 


*9 

13,0 

74 >o 

1027,72 

By Capt. Hall ; Coast of Malabar, off Cochin ; some sediment, ap- 
parently vegetable. 


30 

10,50 

a4,*6W 

1028,25 

By Mr. Schmidtmeyer, going to South America ; bottle black- 
ened, smell hepatic. 


3 »" 

7*0 

' so,b<' 

1030,9 

From Mr. Tennant, by Mr. Lushington, off Colombo, Ceylon. 


' 3 * 

4,0 

* 3 .W‘ 

1027,72 

By Mr. Schmidtmeyer, in April, 1808 . Therm. 84 *. 


53 

$>2^ 

8 1 ,4^ 

1030,22 

From Mr. Tennant, by Mr. Lushington. 

% 

3 + 

0, 

25,3oW 

1028,25 

, By Mr. Schnudtraeyer. 

a 

rt 

a 

35 


23, oW 

; 1027,85 

By Capt, Hall, in August, I817. 

: cr^ 

3S 

0, 

83, o£ 

1028,07 

By Capt, Hall, in 181 5 ; about 300 miles south of Ceylon.. 

LiZ- 

i 0, 

92, oE , 

1026,92 

By Ciapt. Hall ; 8 or 400 miles west of Sumatra, June, 1817# 


*^18 gravity of the ipedmens marked * in this and the following Table, being obviously much less than 
ominoni in consequence of the vicinity of dyers^ these sj^mens have not been taken into account in calculadng 
'' ^'^meimsnceiicsaavitV’Of sea-water* ‘ ' 
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Table HI. Specific Gravities of Sea Waters. 


Designation 
of Seas. 

si 

00 

Latitude. 

Longitude. 

Specific 

Gravity. 

OBSERVATIONS. 


38 

8,30 S. 

32,0 W. 

1028,95 

Taken up by Mr. Schmidtmeyer, in May I8O8* Temperature 82*. 


39 

9>o 

35,0 

1029,20 

Bv Mr. Schmidtmeyer, at Pemambucco. 


40 

11,30 

5 h 7 

1029,80 

From Mr. Tennant, by Mr. Lushington. 

<Lt 

,c 


21,0 

0, 

1028,19 

By Capt. Hall, near the middle of the South Atlantic. 

CL 

tfi 

1 

S 

g 

42 

23,30 

73, oE. 

1028,31 

By Capt. Hall, Tropic of Capricorn, between Madagascar and 
New Holland. 

43 

25,30 

5»3o 

1032,09 

By Capt. Hall ; about half way Between St. Helena and the Cape ; 
in June, 1815. 

tu 

A 

44 

28,0 

43*0 

1027,15 

By Capt. Hall ; Mosambique, South of Madagascar. 

p 

0 

CO 

45 

35-0+ 

56,0 w. 

1025,45 

From Mr. Tennant, by Mr. Lushington ; mouth of the Rio de la 
Plata. 


46 

35.10 

2i,oE. 

1027,5* 

By Capt Hall ; South of the Cape, on the Banks of Lagullas. 


47 

35.33 

0,2f 

1031,6 

From Mr. Tennant, by Mr. Lushington 5 phial partly emptied. 

Yellow 

Sea. 

48 

3S.oN.t 


1022,91 

By Captain - Hall, in I8)d. There were several phials of this 
water, with glass stoppers. All the phials were blackened mtemally 
by the water, which bad a highly hepatic smell. I’his water, when 
seen in farge masses, has a greenish yellow colour. 

QJ 

49 

36,oN.f 

5,oW. 

1030,1 

%Dr. Macmichaeljin I8 11, from a depth of 250 fms. in the Straits 
of Gibraltar, between Cape Europaand Cabrita, with Mr. Tennant's 
machine. 

i 


56,oN.t 

3.0 

1030,5 

By Dr. Macmichael ; from the same spot as the preceding, but 
from the surfece. 

1 

5* 


— 

1027,3 

By Mr. Tenn^t ; taken up by himself at Marseille, m 1815 ; 
Latitude not specihed. 


t TSw LaStsdes tbm marked are statedooly aaafiprQziinadons, not bdngapecifed oa die Ulr^of tbe bottles. 
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Table IV. Specific Gravities of Sea PFaters. 


§ 

u 

1® 

m 

bI 

it 

w 

Latitude. 

Longitude. 

Specific 

Gravity* 

OBSERVATIONS. | 

i 

o 

52 

40,5 N 

26,12 E 

1028,19 

Taken up by Sir Robert Liston, at the entrance of the Hellespont 
)r Dardanelles, /row the bottojn.^ S 4 fms, deep, by my machine, in 
June 1812 . , 

a 

a 

§ 

53 

40,5 

26,12 

1020,28 

By the same Gentleman, and exactly from the same spot as the 
areceding, but fiom the mrfare* 

0 

rt 

oa 

s+ 

41, of 

29,0 

1014,44 

By Sir Robert Liston ; at the entrance of the Basphorus or North 
entrance ot the channel of Constantinople, about four miles from the 
land; from the bottom, so fms. 

ss 

41, of 

29,0 

1013,28 

By the same Gentleman } same spot, but /rom the surface* 

y vs 
fft <u 

3 ” 

56 

57 

virnm* ' 

I 

1014,22 

1014.14 

\ By Mr* Sautter ; one of the specimens clear 5 the other slightly' 

C hepatic. Latitudes not stated. 

a .. 

S 

58 

65,isN 

39,191 

1018,94 

By Mr. Sautter, in 1 8 11 . Water perfectly clear, 1 

59 



1019,09 

By the same; latitude not noted. j 

a 

6o 

56, oN 

15.0E 

1004,9 

By Mr. Prevost, in Carlsham harbour; cork and bottle slightly 
blackened. 

1 

6i 

57«39 


1025,93! 

By Dr. Berger; in 1810 , Categat, one mile and a half from the 
ba-srem coast of Jutlami, Depth about u fms. 

j 

62 ! 

56,0 

12,4oE 

1015,87! 

hy Dr. Berger; from the Sound* or Passage into the Baltic, half- 
way between Denmark and Sweden. Depth about 17 fms. 

tA 

63 

7 S» 54 N 

65,32 W 

1000, 

By Captain Ross ; from the same spot as No. 0 and 7 ; sounding 
DO fms. from an Iceberg, lath August, IHI8. 

s 

1'^ 

64. 

80,28 

10,20E 

1000,17 

By Lieutenant Frattkltn, from water at the surface, when beset 
amongst ice. Same spot as No. D. Temper, of the surface 3 U, 3 *.— 
1808 , 

s. 

W 
^ 1 

65 

79,56 

n,30 

■1000,6 . 

By lieutenant Pranklin, from a floe, the ice being li feet deep under 
^he surface 5 aist*. of June, 1818 . 

3 , 

{/mi 

66 

79.38 

n,o 

iccojis 

By Lieutenant Frr.nklin, from an immense iceberg. August, 1618 . 


67 

7648 

XSs^O 

1002,35 

By Lieutenant Franklin, on the 26 th May, 1818 . About 20 miles 
from Spitzberg, Temp, of air ago. Soundings (too fms. Taken from 
the surface of a small detached piece of ice floating in the sea. 


68 

75.40 

6j,2oW 

‘ 1000,15 

By Lieutenant Parry, from young ice on the surfacOr about | inch 
thick, July 3 i, 1816 *“ . 


f The latitudes and longitudes thus masked were mfnrd from the description of the spot» not being stated on the 
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In endeavouring to connect together the various state- 
ments contained in the above tables, the following inferences 
present themselves. 

The ocean in the southern hemisphere, would appear to 
contain more salt than in the northern hemisphere, in the 
proportion of 1029,19 to 1027,57 ; as may be^seen by taking 
the mean specific gravity of the w'aters collected from the 
two hemispheres. But it must be observed, that a great pro- 
portion of the specimens from the northern hemisphere were 
taken farther from the equator than those procured from 
the other hemisphere, which may possibly account for the 
difierence in question.* 

The mean specific gravity of specimens taken from various 
parts of the equator is 1027,77, and is therefore a little 
greater than that which prevails in the northern hemisphere, 
though sensibly less than that of the southern ocean. 

There is no notable difference between different east and 
west longitudes at the equator ; nor is there, in other lati- 
tudes, any material and constant difference between waters of 
the ocean in corresponding east or west longitudes in the 
same hemisphere. 

There is no satisfactory evidence of the sea, at' great depths, 
being more strongly impregnated vwth sdit than it is near 
the surface ; except under peculiar oircumstances, which will 

• Itjnar be obsetrcd also that Dr. Davr, in Ae experiments aborementilQned 
(Philos. Trans. 1817), generally found the specific gravity w inter, ix>th in the 
Sosrih Atlantic and in the Indian Ocean, lotyer than 1 havd done ; fiirwhicb l am ata 
loss (dasrign any reasdh, unless it be supposed that someof iiy spedmens,frota having 
been bsg kept, ^ j^haps not auked with sufficient care, may bare undergmie . 
some d^iree of cbneehtration. 
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hereafter be explained, and appear independent of any ge- 
neral law. 

In general the waters of the ocean, whether taken from 
the bottom or from the surface, appear to contain most salt in 
places in which the sea is deepest or most remote from land ; 
and the vicinity of large masses of ice seems to have a si- 
milar effect to that of land in diminishing the saltness of the 
sea. If, therefore, in attempting to approach the Pole, the 
saltness of the sea should appear to increase, and become 
more uniform at the surface, such a circumstance might be 
considered as militating against the probability of the sea 
being extensively frozen in those regions. 

It may be stated generally, that small inland seas, though 
communicating with the ocean,, are much less .salt than the 
open ocean. This is particularly striking in the case of the 
Baltic ; and also, though in a less remarkable degree, in the 
Black sea, in the White sea, in the sea of Marmora, and even 
in the Yellow sea.* 

The Mediterranean, though a comparatively small and 
subordinate sea, is found to contain rather a larger proportion 
of salt than the ocean .-f This appears to form an exception 

• The Caspian sea is also said, but upon no certain authority, to be less salt 
than the ocean. Its waters having, like those of the Dead sea, no obvious communi- 
cation with those of any other seas, present a particular case well deserving of 
investigation ; and I regret that I have not yet been able to procure a specimen 
of them, notwithstanding the various attempts which I have made for that purpose, 
i f This has been stated by various writers, and appears to be the case from the 
, wthich I^have exsmiihed i but I caapot speak with perfect .confidence 

';^^.i]|^5nf,.:a8vl;''was ,Wt 'scantify with , water from that, sea, though 

new apd so much frequented by navigators of aU descriptions. In 
th^|m|]^|bf sea witer, Bowiiion-La Grahob, and Vooai, state the propor- 
tion <tfsa!il^>ihiaitteip in the water of the Mediterranean to be 41, that of the Atlantic 
being |8, asiitlit of the English Channel 36. . 
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to the general fact which I have stated above, and stands in 
need of explanation. 

In order to account for this, it has been argued that the 
Mediterranean sea is not supplied by the rivers which flow 
into it with a quantity, of fresh water, sufficient to replace 
that which it loses by evaporation under a burning sun, as- 
sisted by a powerful radiation from the African shores, and 
the parching winds blowing from the adjacent deserts ; so 
that a current from the ocean is required to replenish this 
waste, and prevent the Mediterranean from sinking below its 
level. Accordingly it is observed that a current sets in at all 
times from the ocean into the Mediterranean, which current, 
I am informed, is so strong at Gibraltar, as to carry a ship at 
the rate of two or three miles an hour; and it is felt as far 
eastward as the Cap de Gat, a distance of upw^ards of one 
hundred and fifty miles ;* so that ships going out of the Me- 
diterranean, scarcely ever attempt to beat out against contrary 
winds, and usually keep close either to the African or Euro- 
pean shore, in order to avoid the full force of the stream. 

If this hypothesis, however, of a disproportion between the 
loss of water produced by evaporation, and the inadequate 
compensation afforded by the ingress of rivers, be founded in 
fact ; and if this deficiency be replenished, by the saline waters 
of the ocean, it will be necessary to explain why the waters 
of the Mediterranean do not gradually increase in saltness, 
and indeed how it happens that they are not ultimately con- 
veirted into a saturated brine. It has been i^pposed, in order 
to remove this difficulty, that an undef-currettt of water, salter 
than the ocean, runs but of the Medherrahean at the Straits 
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of Gibraltar, and unloads its waters of their excess of salt. 
But however plausible this theory may be, it must be con- 
fessed, that scarcely any other argument has hitherto been 
alledged in support of the probability of this under-current, 
than the easy explanation it would afford of the phenomena, 
and analogies derived from the familiar fact of opposite atmo- 
spheric currents formed in confined places, from the mere 
admission of air of a different tompcralure.* The following 
fact, however, for which 1 am indebted to Dr. Macmici-iael, 
who had it from very respectable authority (the British Consul 
atValentia),secmsto give considerable support to the above 
theory. Some years ago a vessel was lost at Ceuta, on the 
Coast of Africa, and its wreck afterwards thrown up at 
TarifFa, on the European shore, full two miles west of Ceuta. 
How can this be explained, except by the action of what may 
be called a counter-submarine current, which would carry a 
body, sunk to a considerable dcptli, out of the Straits ? 

It was a favourite scheme of the late Mr. Tennant, to 
examine specimens of sea water from the Straits of Gibraltar, 
taken both from the surface and from some great depth, in 
order to ascertain whether the latter would have a greater 
specific density than the former, a circumstance whicli, if it did 
not establish the truth of the theory in question, would at least 
render it very probable. It was with a view to decide this 
point, that Mr. Tennant constructed the machine which 

• Thus it is well known that if the door of a heated apartment be partially opened, 
and two lighted candles placed the one at the top and the other at the lower part of 
the apet^ture, the uppermost candle will have its Same propelled outwards, by the 
rushing out ofthe heated and therefore lighter current, while the other candle will 
have its Same blown inwards by the opposite effect. 
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I have before mentioned, by means of which he flattered him- 
self that water could be brought up from any desired depth ; 
and it was upon the same occasion that I contrived the appa- 
ratus above described, in hopes that it would enable me to 
obtain water from the bottom of the Straits. My friend, Dr. 
Macmichael, one of the travelling Fellows of the University 
of Oxford, and Member of this Society, undertook to make 
the attempt. He succeeded in procuring water in the Straits, 
from the depth of two hundred and fifty fathoms, with Mr. 
Tennant's machine ; but all attempts to obtain water from 
the bottom proved fruitless, from the impossibility of reaching 
it on account of the very great depth of the sea in that spot* 
The specimens of water, however, procured by Mr .Tennant’s 
machine, were sent home, and were soon afterwards examined, 
in the presence of Dr. Macmichael, by Mr. Tennant, who 
could not detect any difference in their specific gravity; and 
when I lately re-examined the same specimens, which had been 
preserved, it even appeared (probably from some accidental 
circumstance) that the specimen from the surface was a little 
heavier than the other. This point therefore remains to be 
decided by farther investigation. 

With regard to the waters of the Atlantic, although no 
pains have been spared by the able and zealous ofiScers em- 
ployed in the late voyages towards the Pole, to procure speci- 
mens.of water, both from the surface and from great depths, 
with a view to compare 'their densities, and though I have 

♦ This attempt was made in Sept. iSii, in the Bay of Gibraltar, between Cape 
Europa and Cabrita. See Table HI, 
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been favoured with many of those specimens, I have not 
been able to obtain results sufficiently conclusive to enable me 
to form a decided opinion upon the subject. On referring to 
the annexed tables, it will be observed, that, in a variety of 
instances, the water at the surface was much lighter than 
when procured from some depth ; but then it would appear 
that whenever such a result was obtained, it was owing to the 
water at the surface being diluted by the melting of large 
massesofice; for under ordinary circumstances (as in the 
case marked No. 5, Table I.), no such difference was obtained 
between waters taken at the surface, or brought up from a 
considerable depth ; and in no instance did the density of the 
water of the Atlantic, from whatever depth it was obtained, 
appear to exceed the mean density of the waters of the ocean. 

The fact however may be, and actually appears to be 
different in the case of particular seas or arms of the ocean, 
in which the influence of currents and other local circum- 
stances is more sensibly felt, and the waters of which do not, 
for obvious reasons, necessarily partake of the uniform salt- 
ness of the ocean. The experiment, as was before observed, 
does not appear to have yet been fairly tried in the Mediter- 
ranean, and indeed from the great depth of that sea, it must 
be extremely difficult. If not impracticable, to raise water from 
the bottom, at least at any considerable distance from the coast. 

In the instance of the sea of Marmora, in which water was 
obtained with certainty from the bottom, by means of my 
machine* (Table IV. Specim. 5s to 55), the result was very 

* Itwat through the kindtieis of the Bntish Ambassador at Constantinople, Sir 
Robist LtSTON, that theie specimens were procured. Sir Robert has since told me 
that the use of the machine was not attended with the least difficulty. 
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remarkable. The difference of specific gravity between the 
upper and lower strata, at the entrance of the Dardanelles, 
where the depth is very moderate, proved to be nearly as 
1020 is to 1028 ; a very curious result, which gives additional 
plausibility to the hypothesis just mentioned respecting the 
entrance of the Mediterranean. 

Among the specimens of sea water collected by Mr. Ten- 
nant, a small phial of water was found, which had been sent 
him from Persia, by his friend, the unfortunate traveller 
Browne, a short time before he was murdered.* This inte- 
resting specimen was taken from the Lake Ourmia or Urumea,-f 
a small sea situated in the province of Azerbijan in Persia, 
south-west of Tabreez, and at no great distance from the 
Volcanic region of Mount Ararat. This lake is thus de- 
scribed by Kinneir, in his “ Geographical Memoirs of the 
Persian Empire,” page 155: “ The LakeUrumea, generally 
believed to be the Spanto of Strabo, and Marcianus of Ptolemy, 
is 80 fursungs, or according to my computation about 300 
miles in circumference. The water is more salt than that of the 
sea, no fish can live in it, and it emits a disagreeable sulphu- 
reous smell. The surface is not however, as has been stated, 
incrusted with salt ; at least it was not so in the month of 
July, when I saw it ; on the contrary, the water was as pel- 
lucid as that of the clearest rivulet.” Such salt lakes, entirely 
unconnected with the ocean, being by no means of frequent 
occurrence, I propose to give, in another part of this paper, 

‘ ♦ I was indebted for tlus water to my friend Mr. Warburton, who put it into 
my hands after Mr. TfiNNAKT*8 death. 

f Called also I^e of Shahee (See Moribr’b Second Journey to Persia, page a86). 
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some account of the saline matter contained in the waters of 
Lake Ourmia. I shall only state at present that the specific 
gravity of the specimen of water in my possession, which 
appears to have been very carefully preserved, is no less than 
1165,07, a degree of saline impregnation which has not, I 
believe, been observed in any other lake, with the exception 
of the Dead sea, the waters of which are even heavier. 

The excellent opportunities which occurred, during the 
late northern expeditions, for procuring specimens of water 
from the various kinds of ice which arc met with in those 
regions, and the obliging zeal of its commanders, afforded 
me the means of making some inquiries into the nature of 
these waters. With regard to the floating masses of ice 
called icebergs t which are formed from the waters of melted 
snow, and are detached by rain and torrents, or by their 
own weight, from the vallics and from precipitous rocks along 
the shores, it was long known that they consist of fresh 
water, in a state of great purity, though pcriiaps seldom so 
perfectly pure as the specimen marked 63 (Table IV.), the 
specific gravity of which was exactly 1000. But the immense 
fields of ice, or fioes, wlucH arc formed from the actual con- 
gelation of the surface of the sea, are of a different descrip- 
tion. This ice, generally speaking, is not so compact or so 
transparent as the icebergs, and it is even stated, in a late 
curious and elaborate dissertation on the subject of the polar 
ms, published in the Edinburgh Review,* that this ice is 

* BavUtr’, vob KXX. tju There b tlso ia the 4th volume of 

the * Jovtaal of Seknoe and the Arts,’ a paper of Mr< 8««assB v, which vm nad in 
18 1|, the WrcroMlih and conlaine many coHous and vilaabk obter* 

rations. 
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“ porous, and consists of spicular shoots or thin flakes, which 
detain within their interstices the stronger brine ; that it can 
therefore never yield pure water ; though if the strong brine 
be first suffered to drain off slowly, the loose mass which re- 
mains will melt into a brackish liquid," &c. This statement 
however seems to have been founded rather upon results 
obtained from the artificial congelation of sea water, than 
from the examination of the sea ice itself; for it will be 
seen, by a reference to Table IV., that this ice yielded, in 
every instance, water considerably purer than we commonly 
find spring water, or even river water.* Thus, for instance, 
water from young ice scarcely exceeding half an inch in 
thickness (Table IV. spec. 58), was found to have a specific 
gravity of only 1000,15 ; and yet Lieutenant Parry, by 
whom this specimen was taken up and brought home, told 
me that he had not used the precaution of wiping the ice 
before he suffered it to melt, a circumstance which is more 
than sufficient to account for the minute quantity of saline 
matter which it contained. 

It appears therefore well established that sea water, when 
in the act of passing to the state of ice, parts with the whole, 
or nearly the whole of its salt to the lower and denser strata ; 
and it may be inferred also from several of the results men- 

I found the specific gravity of the water of the Thamest taken from a large 
cistetn in Lombard-street, 1000,43. The water was quite clear; and, from the 
cistern being filled at different periods of the tide, afforded a good average of that 
water at London Bridge. I found the specific gravity of the water of the New River, 
taken fioni a cistern in my own house, 1000,5a ; and I was rather surprised to find 
that the spedfic gravity of a specimen of spring-water, from a well in Russell square, 
was only 1000,17. 
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tioned in the annexed tables, that this separation of vsaline 
matter does not exclusively belong to ice actually formed ; 
but that it also prevails, more or less, in water which is only 
approaching to the state of ice, or has just passed to the liquid 
state; so that (as appears from specimen 64), there are cir- 
cumstances under which water may be found on the surface 
of the sea almost entirely deprived of its saline contents; 
which fully accounts for the great difference of density ob- 
served in the northern ocean, between the surface of the sea 
and its lower strata. This separation of the saline matter 
had long been shown, by experiments upon. a small scale, 
to take place during the freezing of sea water ; and Mr. 
Nairne, who ascertained this point so far back as the year 
1776,* states that this congelation takes place at the tem- 
perature of about a8,5®, the water thus frozen being almost 
entirely freed from its salt. Upon trying a similar experi- 
ment with the air pump, in the mode invented by Mr. Lksi.ie 
for artificial congelation, I found that I could, without the 
least difficulty, and in the course of a few minutes, freeze 
sea water of the specific gravity of load. The water con- 
gealed when the thermometer reached 37®; then it rose to 
s8®, and remained at that temperature. This experiment 
being repeated with another portion of the same water, but 
more slowly and with weaker sulphuric acid, the temperature 
gradually sunk to 30®, when the whole mass froze at once, 
the ice being quite smooth and not at all frothy, though it 
did not exhibit the dry snowy surface which is observed in 
the fr^zing of fresh water under similar circumstance. The 
thermometer, as in the former case, rose to a8® instantly, and 

* Philosop. Trans. Vol. 66. 
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remained stationary at that point. The ice being taken out of 
the receiver and the vessel inverted, a small quantity of 
strong brine drained off from it. This was mixed with the 
portion of water, which, in the former experiment, had es- 
caped congelation, and the specific gravity of these mixed 
unfrozen residues proved to be 1035,16; whilst that of the 
frozen portions, after being washed with distilled water, then 
melted and mixed together, was 1015,2- These results seem 
to show that a certain degree of rest and slowness in the 
process, and probably also a certain mass of water, are con- 
ditions required for the entire separation of the salt; and 
hence we are enabled to account for the slight differences 
which we observe in this respect, in various specimens of 
water taken from the frozen surface of the sea.* 

With regard to the important questions connected with the 
temperature of the Arctic seas, it will be seen by a reference 
to the tables, that this interesting subject of inquiry was not 
overlooked in the late Northern Expeditions, and that some 
curious observations were made in those regions, on the tem- 
perature of the sea, both at the surface and at different depths. 
Thus for instance it is stated in the 1st. Article of Table I., on 
the authority of Captain Ross, that in laf. 66,50, and long; 
68,30, west, the temperature of the air bdng 36“^ :that of the 

* lhave also’fequeutly, in the couwe of these experiments, frozen, by means of 
cooUng mixture, small quantities of sea water in tubes, with a thermometer in the 
water. When a certain idegree of agitation was used, th 6 water generally froze at 
alKJUt or but when^ Xa^ will be seen in latter part of this paper#) a more 
considerable ve$^l of sea Water was exposed to cohgektiou# the vessel being quite 
full and at TOtet'w^^^ bfetweeh iS^ and 19"* before, it became 

solid. In either case the thermometei? ttniformly rose to at the moment of 
congelation* 



184 Dr. Marcet on the specific gravity and temperature 

water was found to be 33® at the surface ; 30® at the depth of 
80 fathoms ; 29® at soo fathoms ; 28.5® at 400, and 25® at 6*70 
fathoms.* These results are the more singular, as they are 
at direct variance with those obtained, nearly at the same 
period, by Lieut. Franklin, in the Polar or Greenland seas, 
in higher latitudes. It will be seen by the curious and va- 
luable table which Lieut. Franklin has permitted me to annex 
to this paper, that, with only one or two exceptions, he uni- 
formly found the sea to be sensibly warmer at great depths 
than near the surface, and that the difference often amounted 
to four or five degrees. Lieut. Beechy, one of the officers of 
the same vessel, and Mr. Fisher, who was on board the Do- 
rothea, both of whom made similar observations, have also fa- 
voured me with an account of their results, which, as will be 
seen by a reference to their respective tables, perfectly co- 
incide, in their general import, with those of Lieut. Franklin. 

* Captain Ro«8 in his account of a ‘ Voyage to the Arctic regions,* has himself 
publuhccl some of the results which he obtained respecting the temperature of the 
sea in Davis’s Struts, and Baffin’s Bay. Thus in latitude' 72,3%, loitgitude 79, he 
found the temperature of, the bottom of the sea, at the depth of 1050 fatiioms, 38,5’’ 
(Appendix, p, Ixxxr.), And in latitude 73,33, having examined the temperature of 
the sea at the depth of 500, 600, 700, 800 and 1000 fathoms, he found that it gra- 
dually decreased from 350 to a8i (Appendix, page exxiv.). These differences, 
though not SO considerable as that above related, all concur in establishing the ge- 
neral feet, that the lower strata, in that particular track of the northern ocean, are 
colder than the surface. The instrument which Captain Ross employed, was a regis- 
ter-thermometer, the indications of which were occasionally compared with the tempe- 
rature of the mud and earthy fragments of various kinds which be raised from the 
iMtfotn of the sea. by an appropriate instroment of his own contrivance ) as this mud, 
bbtih from the quantity raised, and from the manner in which it was confined, retain- 
ed its^mpersture for a sufficient length of time not to he mateiially altered on reach- 
ingitli sqrfece. 
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On the other hand, Lieut. Parry, who had the command of 
the ship Alexander, in Captain Ross's expedition (and is 
now appointed commander of the second expedition to Baffin's 
Bay), fully confirms the observations made by Cap. .in Ross, 
and also by Captain Sabine,* on board Captain Ross's ship; 
so as to place beyond all doubt the fact of Baffin's Bay being 
colder at the bottom than it is at the surface.-f 

But although these points may be considered as satisfac- 
torily established, it must be admitted that the various modes 

* Captain Sabine has been so obligingas to furnish me with a table containing 
some of his observations on the subject, which will be found in the Appendix* 

t Captain Phipps also srates in his Journal (Appendix, page 142), that he found 
the temperature in Baffin’s Bay, at the depth of 680 fathoms, as low as 40«>, the 
surface being 55°, and the air 66|o* 

Other observers have obtained, in other seas, analogous results. Thus, De Saus- 
suRE having examined with great care the temperature of the Mediterra^aean at 
various depths, found it in two different places to be 10,6® of Reaumur’s scale, or about 
560 Fah R. at the depth of 900 and 1800 feet, the surface being about 7 1® ; and hewas 
induced to conclude that the temperature of the Mediterranean at great depths is uni- 
form, and not likely to be affected by the vicissitudes of the atmospheric temperature, 
or by changes of season (Voyage dans les Alpes, III, § 1351 and § 1391). 

M* de Humbolt, whose attention was often directed to this subject, makes the fol- 
lowing curious observation. In the seas of the tropics we find that at great depths 
the thermometer mark 7 or 8 centesimal degrees (or about 45® Fa h r.) . Such is the 
result of the numerous experiments of Commodore Ellis and of M. Peron. The 
temperature of the air in those latitudes being never below 19<> or zcfi (or about 56® 
Fa HR.), it is not at the surfece that the waters can have acquired a degree of cold so 
near the point of congelation, and of the maximum of the density of water. The 
existence of this cold stratum in the low latitudes is an evident proof of the existence 
of an under-current, which runs from the poles towards the equator ; it also proves 
that the saline substances, which alter the specific gravity of the water, are distributed 
in the ocean, so as not to annihilate the effects produced by the differences of tempe- 
rature.^’ Personal Narrative of Travels,^* English edition, Vol. L page 65.} 
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in which the experiments were made, could not be relied upon 
as to perfect accuracy.* 

It is obvious that these defects in the methodvS employed, 
though affecting the precision of the results, and rather tending 
to render them less striking, could not in the least degree in- 
validate the general conclusion, that in Davis’s Straits, and 
in Baffin’s Bay, the sea, at great depths, is considerably colder 
than at the surface ; while to the east of Greenland, and in 
rather higher latitudes, the temperature of the ocean follows 
precisely the opposite law. 

These various facts having an obvious and immediate con- 
nexion with the density of water under different temperatures, 
my attention was naturally directed to that circumstance in 
respect to sea water, which had not yet, I believe, been the 
subject of direct investigation. It had been long suspected, 
but was first established by Deluc, and afterwards correctly 
ascertained by Sir Charles Blag den, that water, in cooling 
towards the freezing point, ceases to contract when its tem- 
perature reaches about the 40th degree ; but that, on the con- 

* Captaiu Rosi, who generally used a register-thermometer, might easily h.ive de- 
tected, by a comparative observation, any material error made in ascertaining therein, 
peratore of the mud which he brought up by his apparatus 5 and as he appears to 
have occasionally availed himself of that mode of checking his observations, we may 
presume that his results were free from any considerable error. Lieut. PaaNictiN, 
on the other hand, when he could not reach the bottom, and was therefore Tenable 
to make use of my machine, employed that used by Dr. Irvin 0, consisting of a leaden 
cylindrical vessel with two valves s a convenient apparatus, but which, as I before 
Ql^itrved, is liable to some inaccuracy. He sometimes also used a corked bottle, 
wUeh he sunk to a great distance from the surface, and by means of which he 
obtained, doubtless, water from considerable depths ; but it was obviously impossible 
to esdih4bs with exactness the precise depth from which this water was procured, or 
the change of temperature which it had undergone in traversing the upper strata. 
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trary, it begins to expand, and continues to do so till it be- 
comes solid, at which moment it undergoes a farther and much 
more considerable expansion.* The question which I was 
desirous of ascertaining was, whether the same, or any ana- 
logous law, prevailed in regard to sea water. 

The mode in which I first attempted to decide this point, 
was simply by cooling sea water, by means of cooling mix- 
tures, till it reached the freezing point, and ascertaining its 
specific gravity, at each degree of temperature, as it ap- 
proached congelation. Researches of this description are 
liable to a variety of practical difficulties, which I could not 
altogether overcome by this method, and the results which I 
obtained, offered slight inconsistencies, which prevented my 
relying upon their strict accuracy.-f- Still however they uni- 
formly led me to the conclusion, that the law of greatest spe- 
cific density at 4,0°, did not prevail in the case of sea water; 
but that, on the contray, sea water gradually increased in 
weight down to the freezing point, until it actually congealed. 

Soon afterwards I used another method, which afforded 
more precise, and, as far as I am able to judge, decisive re- 
sults. Instead of weighing the water, I , measured its bulk, 
under various tem^ratu res, by means of an appropriate ap- 
paratus. A sketch of this instrument ( ’which was executed 
by hir, Newman) is given in Plate Xll., and an explanation is 
annexed, which supersedes the necessity of any iarther de- 

, ♦ Pliilosophi«^TraQ$aetioi5S for 178&, page 143* 

Iis^^eXpefimisnts of this Hni it is always necessaiy to make an allowance for the 
cotrtractiott of the glass ye^larlthe effect^ which i$ toprcKiucc an apparent expansion 
of the !C^taiiie4; formate for this piiipose> and iii particular 

^ tbecapaaty of ib*p^.CH 30 , would Sy 

1 degree, to the capacity of xd.oc^ i ' ^ ^ 
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scription. The general conclusion drawn from four experi- 
ments, the results of which did not essentially differ from 
each other, was, that if a vessel filled with sea water of the 
specific gravity of about 1037, and of any tonperaturc above 
the freezing point, be gradually and slowly cooled, the water 
contracts in bulk ; and that tliis contraction continues to pro- 
ceed, though in a diminishing ratio, till the temperature has 
reached ss“ of Fahreneit's scale. At this point the water 
appears* to expand a little, and continues to do so till its tem- 
perature is reduced to between 19® and 18®, at which point 
the fluid suddenly expands to a very considerable degree, 
shooting up with great rapidity, and forcing itself out at the 
open end of the tube. At the same moment the thermometer 
rises to e8% and remains at that point. The liquid is now 

^ I say appaars, because the rise of the column, occasioned by the contraction of 
the glass* may in part account for this effect, it would have been extremely difficult 
to ha^e estimated this circuuistunce with precision in the above cAptrimem, becaasc 
the tube belonging to my apparatus was not pertccily unitorm in its boie. But by 
ascertaining the capacity of a given portion of the tube* us well uji that of ihc bulb of 
the apparatus, and calculating the contraction produced in the ghisb by a reduction 
of four degrees of temperature, 1 have been able to satisfy myself that the effbet 
arising from this contraction could only produce about oiw hull ot the rise of the 
column observed in this experiment. So that it can hardly be doubled but that some 
expansion, however small in its amount, takes place in sea water when cooled from 
to But I hope to be soon able to repeat the experiment iu a more perfect 
manner, by a method similar to that employed, for an analogous object, by MM. 
DunoKO and Petit, and described in thek excellent paper on t\\c ** Mesures des 
Temperatures* See* i8i8*” 

It may also be objected to this estp^hSmeat, that the bulb has notits interior cooled 
Khdfe* the surface must bt^acted upon by the appUcation of cold before the 
^e^Oeffltparts. Thftis ttix6 tb a certain extent But from the great slowness of the 
(#hlohletlied hbout fhred hours at each time), this source of error is in a 
^reat aVdIdW ? that' the greatest degree of cold actually retched thpe uewtre 

o^ ndCteie of ice being termed initi which doasiy in* 

tested the bulb of the thermometer* 
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found frozen, and in a few minutes the maximum of expansion 
is obtained. During this congelation the apparatus was never 
broken, and I satisfied myself by various trials with other ves- 
sels, -that, if a vent, however small, be allowed to sea water at 
the moment of freezing, the vessel is preserved entire, which, 
it is well known, scarcely ever happens in the case of com- 
mon water.* 

A singular consequence to be drawn from these experiments 
seems to be, that, since sea water does not begin to expand 
rill it. has been cooled below the point at which it usually 
freezes, if its . congelation were not retarded, it would become 
eolid without undergoing any previous expansion,, and the 
law in question would :altogether cease to exist in the case 
of sea water. 

With xegard to the singular anomalies of temperature 
in the Arctic ' seas, which have given risb; to this ■ digression, 
though some of the facts in questfon may now be morc easily 
understood, it would be . premature, until the observations 
have been naultiplied, and the facts themselves more accu- 
rately investigated, to attempt to bring them under any 

♦ t The ice thus : prpdacfid, it should be j^reoaembjereiii is yejy different ^ , ftet 

^fsrhich -fomis ^ the sea, shwre thie.ktter parts with, jits ,selt, 

of fteezihgi^a-s^aratiba whkh hntmsy im^xfsctlyi^i^ p4ee in res- 

Aocordkgl/ lfouiKi experiuiexit softah4a>mpressiWe 

iitothe.wat^r-iceof coofectioiierS.'' ■ 

^ ' With regard the Quantity of expansion which; sea water »iite:goes,?ih .oemfiued 
m^mt of frefesidg, I, ha^e been able to esdruate k with eas^ and with 
freeisin^ ajtm)wa of with 

ak o^h ilibe, a^atceitakiiig of water^c^ ;iat» the tphe 

^ Wo 
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general law, or to explain the phenomena by particular theo- 
ries.* Why, for instance, two neighbouring and almost 
contiguous portions of the ocean, placed nearly alike in regard 
to solar influence, should differ so widely in the temperature 
oftheir waters, the warmer strata being, in one case, found 
lying above the colder, while in the other that order is re- 
versed, appears perfectly unaccountable. Whether, also, this 
singular circumstance may lead to inferences bearing upon 
the question now at issue respecting a north-west passage, I 
shall not presume to decide. But I may be allowed to indulge 
a hope, that the facts collected in this paper, may assist fu- 
ture inquirers in forming more accurate views of those grand 
phenomena of nature, in which the navigation of certain seas, 
the vicissitudes of seasons, and the geological history of the 
globe arc so essentially concerned ; or that they may at least 
be the means of inducing other and abler observers to turn 
their attention to this interesting subject. 

• Count Rumforo* in one of his Philosophical Essays (Vol. IL Essay VfL)» 
endeavouring to trace this class of natural phenomena to final cau&cs* was led to some 
speculations and generalizations on the comparative temperature of the seas» and of 
large lakes^ at their surface and at different depths* and on the relation whicti these 
temperatures bear to climate and to human comfort, which, however hypothetical, 
possess considerable plausibility and interest. Count RuMVoan^s general idea was 
that the uniform temperature of large lakes at great depths, which Da Saossur* 
found in the Swiss lakes to be constantly between 41® and 4^^ was naturally ex* 
plained from the circumstance since discovered, of water possessing its greatest den* 
sity at about that temperature 5 and he conceived that the object of this law of nature 
was to^ preserve in winter a store of warmth at the bottom of these lakes, by which 
thUr freezing was retarded at the susfece, and altogether prevented at a great depth, 
thwk efording a check to the effects of severe winters, ys^ith regard to salt water, 
%t took it fcr gesmted that the law which fixes the greatest density at about 
dlcl^ijfeapi^ bat that, on the contrary, sea water being dealer in proportion 
is atis colddi^, the coldest strata must occupy the bottom of the sea, while the warmest 
arising to the surface, serve to moderate the effects of the Arctic cold. He then 
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§ II. On the Saline contents of the Waters of different Seas. 

I confined my remarks, in the first part of this paper, to 
the subject of the specific gravity and temperature of sea 
water, in various seas and in different latitudes. It remains 
for me to offer a few observations on the saline contents of 
these waters. 

An accurate analysis of all the specimens which I have 
noticed in this paper would have been a most laborious, and 
indeed almost interminable undertaking, which would not 
have afforded any adequate object of curiosity or interest. 
All that I aimed at, therefore, was to operate upon a few 
of the specimens, so selected as to afford a general compa- 
rison between the waters of the ocean in distant latitudes and 
in both hemispheres, and to enable me also to ascertain 
whether particular seas differed materially in the composition 
of their waters. 

For this purpose, availing myself of the experience I had 
obtained, in former inquiries of this kind,* respecting the 

supposed that the colder and heavier strata would fotm sub-roarine currents, con- 
stantly movkg from the vicinity of the poles towards the equator, and occasbhing 
upper and warmer jiurrents precisely in an oppodte direction* It is obvious that 
this theory, though capable of explaining some of the phenomena above mentioned, 
cannot apply to those of an opposite nature, also related in this paper. Yet ttie^ may 
possibly depend upon peculiar and local cau^s j : and ! cannot nmit to c^erve, that 
M* pe in the work already quoted, entertains i^tiqns of an exchange 

ccmstantly going forward be^een the waters of the Polar regions and those of the 
Squatbrial seas, which htear cbimderable analogy to: those of Count RirMFORO, and 

cannot fail to give th^additional weight;- i " ; S- : 

; See i^th^lSri^tonlShalybeaie,* pui^hedifr Dr*S 

tisebii Watet^bftheDeadS^^d 
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difficulty, and indeed the impos.sibllitv, of analyzing complex 
solutions of saline substances with a view to obtain a precise 
and certain knowledge of the stale id' coinbinaiion in which 
the salts exist in these solutions, I contented mvself with as- 
certaining, first, the proportions of saline matter yielded by a 
given quantity of each water, and afterwards, the proportions 
of acids and earths contained in thes'e respective waters ; 
thus presenting data which are quite divested of theoretical 
views, and from which the composition of those waters may 
at any time be inferred in the way which may be deemed 
most eligible. 

It has been long known that the principal salts contained 
in sea water are muriate of soda and muriate of magnesia, 
and that it contains also sulphuric acid and lime. But whe- 
ther these ingredients existed in the form of sulphate of 
soda, or of sulphate of lime, or muriate of lime, or .sulphate 
of magnesia, was more or less a matter of conjecture, as the 
different states of binary combination which they assume, 
are modified during evaporation by the diflerent degrees of 
solubility which the salts possess, and arc liable to be in- 
fluenced by heat and concentration, the very processes which 
are used in attempting to resolve the question. These diffi- 
culties have been ably discussed by Dr, Murray,* whose 
reasonings and experiments on the subject have given great 
plausibility to the doctrine which he has proposed, according 
td w'Wdh the salts contained in sea water are supposed to be : 

}oid»» tPhiloe. Tettw. 1807. And ‘ An Anajy^ of «n Aluminous Chaly- 
beniis Sftiing In the Isle of Wight Geo^g. Trans. Vol. 1 . t&tt. 

Aiwlytls of Sm Water* read in i8id> and published in the Edinburgh 
TVansttninaii HTot, VJlIi/aoid alto a ' Fomuk on tiw Andysia of Mineral Wateri,’ 
printed in the Mime volume. 
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Muriate of soda. 

Muriate of magnesia. 

Muriate of lime. 

Sulphate of soda. 

Still however, it must be admitted that a degree of doubt 
remains respecting the mode in which the sulphuric acid is 
combined, and that we can only pronounce with certainty 
upon the proportions of acid and base taken singly, as I have 
explained above. My experiments, therefore, were confined 
to the following points.* 

1st. To ascertain the quantity of saline matter contained 
in a known weight of the water under examination, desiccated 
in a uniform and well defined mode ; and to compare it with 
the specific gravity of the water. 

andly. To precipitate the muriatic acid from a known 
weight of the water, by nitrate of silver. 

gdly. To precipitate the sulphuric acid by nitrate of 
barytes, from another similar portion of water. 

4 thly. To precipitate the lime from another portion of 
water, by oxalate of ammonia. 

5thly. To precipitate the magnesia from the clear liquor 
remaining after the separation of the lime, which is best 
effected by phosphate of ammonia, or of soda, with the addi- 
tion of carbonate of ammonia. 

The, soda, by this ilJethod, is the only ingredient which is 
not precipitated, and which therefore, can only be inferred 

♦ It is bat just to mention that I received, in this part of the inquiry, much 
valuable aid from Mr.WiLSON, who has many years^acted as assistant, to my col- 
leagues and myself, in the Chemical Theatre of Guy^s Hospital. 

MDCCCXIX. C C 
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by calculation. But if the processes arc oonductocl witli 
sufficient care, this mode of esiimalin^jjf the projKn'tion of alka- 
line muriates is susceptible of jijroat accuracy, as I had an op- 
portunity of ascertaining by some comparative experiments 
which I related at full length in th(i analysis of the waters of 
the Dead Sea.*' 

The whole of the results obtained by this mode of inves- 
tigation, has, for the sake of brevity, been condensed into a 
table which is annexed to this paper, and upon which it is un- 
necessary to detain the Society by any farther comment. It will 
be seen by this table that, with the exception of the Dead Sea, 
and of the Lake Ourmia,”!- which are mere salt ponds, perfectly 
unconnected with the ocean, all the specimens of sea water 
which I have examined, however dijfferent in their strength, 
contain the same ingredients all over the world, these bearing 
very nearly the same proportions to each other ; so that they 
differ only as to the total amount of their saline contents,;|; 

• In devising tlio above method, I followed, step by sUp, the plan ivhich 1 hud 
myself pointed oot, and actually used, in various analyses, autl particularly in that of 
the Dead Sea, and of an aluminous chalybeate, in the Isle of Wight, as may he seen 
by a reference to these papers. It ii satisfactory to observe that Dr. MvaaAY 
adopted, several years afterwards, from considerations of the same kind, a mode of 
proceeding precisely similar, and indeed that he proposed in a subsequent paper, a 
general formula for the analysis of mineral waters, in which this method is pointed out 
as likely to lead to the most accurate results. And this coincidence is the more re* 
markable, as it would appear, from Dr. Murray n^t mentioning my labours, that 
they had not at that time come to his knowledge. 

f I had only between a and 300 grs. of water from tbit curious lake, which is so 
nearly saturated, that it begins to deposit crystals the moment that heat is applied to 
it. Though it contains no lime, it yields about 20, times as much sulphuric acid, and 
tlx.iim«s as much muriatic acid as sea water does, as may be seen by the annexed 
tabid. Dr. Wotn ASTOK has also detected traces of potash In this water. 

I The Yrilow Sea* In the Chinese ocean, has some peculiarities which deserve to 
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It would hardly be consistent with the plan which I have 
followed in this inquiry, to enter minutely upon the analysis of 
the waters of individual seas, since, instead of dwelling on 
analytical details, I have rather aimed at presenting an ex- 
tensive and comparative view of the subject, for the pur- 
pose of drawing certain general inferences. Yet as my ex- 
periments were made with care, and appear from their con- 
sistency with each other, to justify some degree of confidence 
as to the accuracy of their results, it may not be out of place to 
select from the above table some individual water, with a view 

be noticed. The smell of the specimens put into my hands by Captain Hall^ 
was exceedingly hepatic, like that of a strong solution of sulphuretted hydrogen, 
and this water formed with silver a black precipitate, I twas clear and trans- 
parent; but had a greenish yellow colour. Nitric acid made it milky, and 
precipitated sulphur from it. When boiled it gave out sulphuretted hydrogen 
gas^ and deposited a yellowish sediment, which proved to be carbonate of lime, 
in the proportion of 0.7 grs, for 500 grs. of the water> and without any sulphur 
being mixed with the sediment. The interior of the bottles was found blackened, 
so as to render the glass quite opaque ; but the black £lm was easily wiped oif, and 
the glass was not permanently stained. After evaporating the water to dryness, the 
residue dissolved readily in water, with the exception of the carbonate of lime above 
mentioned, and the solution now precipitated silver perfectly white. In other respects 
the saline contents of this water did not differ from those of other seas. Its specific 
gravity was lo^jf (1022.9), but the salts, with the exception of a small deficiency in 
the magnesia, were the same as usual. The water was first put by Captain Hai.l 
into a green-glass bottle; but it was, some months afterwards, transferred into several 
white-glass phials, having glass stoppers, all of which exhibited the appearance above 
described. There is something in this developement of sulphur in sea water which is 
by no means well understood. Of two specimens brought from the same spot, and by 
the same individual, I have sometimes observed that the one had a smell of sulphu- 
retted hydrogen, while the other was perfectly free from it In the former case the 
cork was commonly blackened and decayed. J therefore suspect that in some instances 
the cork gives the iiuptiise to the formation of sulphuretted hydrogen ; hut in others;, 
and probably In the Yellow Sea, this chaaigeis hkcly to be owing to tlie presence of 
some vegetable or animal matter, and its gradual action on the saline water. 
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to show how the various statements which it contains may be 
reduced to the form in which analytical results are usually 
expressed. 

Thus, for instance, if we select the water marked No. sy, 
which was taken up nearly in the middle of the North Atlantic, 
and the specific gravity of which was ioa8.86, 500 grs. of 
this water yielding si. 3 grs. of saline matter, dried at sia®, 
we shall proceed in the following manner : 

The muriate of silver obtained from 500 grs. of the water 
being 4s grs., 100 grs. of which are equal to 19.05 of dry 
muriatic acid, the 4^ grs. of luna cornea will be equal to 
8 grs. of muriatic acid. 

The sulphate of barytes obtained from a similar portion of 
water being 3.85 grs. dried at sis® = 374 grs. dried at a red 
heat,* 100 grs. of which contain 34 grs. of sulphuric acid, 
the quantity of dry sulphuric acid in 500 grs. of the water will 
be (100:34: : 3.74: 1.S7) i.sygrs. 

The oxalate of lime, from a similar portion of water, being 
0.8 grs. dried at sis*; and too parts of oxalate of lime so 
dried being 5=s 0.31 4*^ of pure lime, the quantity of lime in 
500 grs. of the water will be be 0.314 grs. 

The phosphate of magnesia being s. 7 grs., 10® of which 
contain 40 of magnesia, the quantity of magnesia in 500 grs. 
of the water will be 1.08 grs. . 

It appears, therefore, that the quantities of acids and earths 

• I found by a careful experiment, made for the express purpose, that loo grs. of 
eilphate of bsufytei, dried at ai*»* vere reduced by a red heat to 97.* grs, 

1 1 obtained thU result from a direct experiment, in which 34 grs. of ignited 
mteriainof lime ss ti».a4 grs. of pure lime, gave ji.s grs, of oxalate of lime dried 
at , Therefore, ji.a: 12.24:: 100: 39,23. 
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contained in 500 parts of this water, and estimated in their 
uncombined state, are as follows : 

Muriatic acid, - - 8 grs. 

Sulphuric acid, - - 1.27 

Lime, - - - 0.314 

Magnesia, - - 1.08 

It now remains to estimate, from' the above data, the com- 
pound salts contained in the water, according to their most 
probable state of combination as before explamed ; and to 
infer the quantity of soda belonging to the same portion of 
the water, a question which cannot well be ascertained by a di- 
rect process. This will be effected in the following manner. 

Muriate of lime is known to consist of parts of lime, to 
49 of muriatic acid.* Therefore the above 0.314 gr. of lime 
= 0.30s of muriatic acid = o. 6 i 6 gr. muriate of lime, free 
from water. 

Sulphate of soda, in its dry state, consists of 56 parts acid, 
to 44 soda and therefore the above 1.37 gr. of sulphuric 
acid=: 1.01 soda = 3.33 grs. dry sulphate of soda. 

Muriate of Magnesia, in a state of dryness, consists of 58.09 
parts of muriatic acid, to 44.91 of magnesia. J Therefore the 
1.08 of magnesia are equivalent to 1.497 of muriatic acid 
(41.91 -.58.09: : 1.497 j = 3.577 of inuriate of magnesia, 
in 500 grs. of the water. 

♦ Scale of Chemical Equivalents* 

t Scale of Chemical Equivalents ; and loo parts of crystallkcd sulphate of soda 
con^sts of, sulphuric acid 24.5 ; soda 19.5 ; water 56. The above a.33 grs, therefore 
would amount to 5.3 grs* crystallized sulphate of soda. 

t Scale of Clmical Equivalents. 
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Wc arc now cnableJ to c.stimate the quantity of muriate of 
soda. For tlic quantities of the muriatic acid already as- 
signed to the earthy bases, being as follow.), viz : 

in combination with lime - 0.30c grs, \ 

. i.yoo grs.,and 

with magnesia - 1.497 J 

the total quantity of muriatic acid being 8 grs. there will 
remain 6.2 grs. of the acid in combination with soda. But 
dry muriate of soda con.sists of 46.6 parts of muriatic acid to 
53.4 of soda and consequently the B.c grs. of muriatic acid 
= 7.1 grs. soda = 13.3 grs. muriate of soda. 

It appears therefore that the saline and earthy substances 
contained in 500 grs. of the specimen of sea water under exa- 
mination, taken in the uncombined state, arc 


Muriatic acid 

8 grs 

Sulphuric acid 

1.27 

Lime 

0.314 

Magnc.s'ia 

1.08 

Soda 

8.1 if 


18.774 

And the same saline ingredients, in their .state of combina* 
tion, and supposed free from water, will be 


Muriate of soda - 13.3 

Sulphate of soda - s.33 

Muriate of lime - 0.616 

Muriate of magnesia 2.577 


' 18.823 

* Scute of ChemicBl Equivalentt. 

t VJi, UQt with tJw sulphuric acid, and 7.1 with the muriatic. 
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This total amount, it may be observed, does not exactly cor- 
respond with the saline residue of 31,3 grs, obtained by evapo- 
ration from 500 grs. of the water ; but it should be remem- 
bered that this residue was dried at 213® only, which, with 
some salts, produces a considerable difference. I thought 
it important to ascertain the amount of this difference by 
direct experiments; and I found that 100 grs. of muriate 
of lime dried at sis®, were reduced by ignition to 61,9 ; so 
that if 100 grs. of muriate of magnesia, dried at sis®, be sup- 
posed to be brought to a state of perfect dryness, they will 
be reduced to 53 grs. As to the muriate of soda and sulphate 
of soda, when well dried at sis®, they lose no sensible weight 
by being ignited. 

Upon making due allowance for the moisture contained in 
the two earthy muriates, according to the estimates, just 
mentioned, we shall find the above result altered as follows : 


Muriate of soda 

13,3 

Sulphate of soda - 

3,SS 

Muriate of lime 

0,975 

Muriate of magnesia 

4.955 

- 

21,460 


Which result closely corresponds with the saline residue 
obtained by evaporation, which was 31,3 grs. 

It remains for me in concluding this paper, to communicate 
to the Society an interesting fact on the composition of sea 
water just discovered by Dr. Wollaston, and which it is no 
small gratification to me to think that the present inquiry has 
been the accidental means of bringing to light. As I was 
beginning the chemical part of this investigation, Dr. WoL- 
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LASTON put the question to me, whctiicr it was not probable 
that traces of potash might be found in sea water ? I answered 
in the affirmative, and thought the fact well worthy of inves- 
tigation ;* but as no one could be better qualified than the 
Doctor himself to put his own suggestion to the test of ex- 
periment, I supplied him with sea water, and begged of him 
to favour me with his results, which he has j’ust communi- 
cated to me in a note to the following effect : 

The expectation which I expressed to you that potash 
would be found in sea water as an ingredient brought down 
by rivers from the decay of land-plants, is now fully con- 
firmed by experiments on waters obtained from situations so 
remote from each other as to establish its universality. 

There is no difficulty in proving the presence of this in- 
gredient by muriate of platina. For though the triple mu- 
riate of platina and potash is so soluble that this reagent 
causes no precipitate from sea water in its ordinary stale, yet 
when the water has been reduced by evaporation to about -^th 
part, so that the common salt is beginning to separate by 
crystallization, the muriate of platina then causes a copious 
precipitate. 

“ If this precipitate be mixed with a little sugar and heated, 
the platina is reduced, and muriate of potash may be sepa- 
rated' from it by water; and the nature of its base shown by 
its yielding crystals of nitrate of potash with nitric acid. 

“ I evaporated a pint of the water which you sent me (marked 
No. 9, specific gravity ios 6 , as) taken up by Captain Ross in 

* I, in my turn, put the question to Dr. Woi,i.a8to« whether it was not proi 
bable tihat minute quantities of all soluble substances in nature might be detected iu 
sea water i 
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Baffin’s Bay, from the depth of 80 fathoms, latitude 36° ,32', 
longitude 76°, 46' west. When this had been reduced to about 
^th part, I drained the liquor from the salt that had formed, 
which I also washed with a little water, and by adding mu- 
riate of platina to the drained liquors, I had a yellow precipi- 
tate which weighed 12,4 grains. 

As the fluid poured from this precipitate measured of a 
fluid ounce, I estimate that this would retain in solution about 
three grains of the triple muriate, and hence the whole amount 
must be taken at 15,4, which by former experiments I consi- 
der as equivalent to about 6,4 sulphate of potash,* or 3,5 
potash. 

Now, since the pint of water weighed about 7520 grains, 
gives the proportion of potash about rfoo ’> hut the 
quantity of mere potash is less than 2^^th part of sea wa- 
ter at its average density." 

• Dr. WoLLASTOH thinks it probable that the potash ejostsinsea water in the 
State of sulphate. 
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Table V. Presenting a Synthetic View of the rmdlb obtained from IhcAmdi/m of dilfevcnt Sm; tk 
quantity of water operated upon being in eoiry iiislanec suppoHat to he M)i) grains. 


Eescription 
the Specimens. 

Specific 

Gravity. 

RcskIuc 
of Eva- 
)oration 
of 500 ’ 
grains 
ot water. 

Muriate 

of 

Silver. 

n 

0 . 

M .M R 

ti 0 9 

5 

1,-S 

£ S 

li§l 

-ti 

u.2o 

Ol>smMtinn i. 

Arctic Ocean. 
Spec. I. 

1027.27 

Grains. 

19.S 

Grains. 

39*7 

Grains. 

3*3 

Giains* 

0.85 

Grains. 

2.7 

Gtatiib. 

46.55 

The (pmntity acturlly opcnitcd uiwn was 500 grains, 

Arctic Ocean. 
Spec. 12. 

IOI9.7 

14.15 

27.9 

2.4 

0,7 

1.8 

Bh 


Arctic Ocean. 
Spec, 67. 

1002.35 

1.75 

3'2 

0.1 



3*37 

Sea ice water ; Coabt of Spit/hergi'n. Operated on 
500 grains. 

Arctic Ocean. 
Spec. 14. 

1027.05 

m 

38.9 

3 ' 2 S 


Hjll 


From a depth, Operafed tui 500 grs. 

Equator. 
Spec, 35. 

1027.85 

19.6 

40.3 

3*7 

0.9 

3 *J 

a 

From surface. Operated on 500 g,‘s. 

South Atlantic. 
Spec. 41. 

1028.19 

206 

40.4 

3*75 

I.O 

3-2 

48.3 

Operated on 250 g«. 

White Sea. 
Spec. 58 and 59. 

1022.55 

' 

16.1 

3.,8 

3*0 

0.6 

2,2 

37.6 

Operated on 500 grs. hut evaporated only 250 grs, 

BB| 









Baltic. 
Spec, do, 

1004.9 

3-3 

7 - 

0.7 

0.2 

0.6 

8-5 

OpeiMteil nmni 250 grainfc. All the preripiiatcs were 
slightly tinged hy home vegcl.ihlr or ,uiinml matter, 

Svii of Marmora 
Suifuce* 
Spec. 53. 

1020.28 

14.11 

28.4 

2.65 

0.4 




Sea of Marmora. 
Bottom. 
Spec. 5a. 

1028,19 

21. 

40.4 

3 55 

0.9 

3*2 

48.05 



From the bottom, A Uttlc earhoimtc of lime was 
deposited during evaporation j l)ut tione from the water 
at the surface. Operated on 500 grs, 

Middle of 
North Atlantic, 
Spec, ay. 

1028,86 

ai.3 

42. 

3.8s 

0.8 

2.7 

49*35 

Operated on 250 grs, for evaporation of the water and 
precipitation of murwte of silver* 500 for the other salts, 

Yellow Sea. 

, Spec. 48. 

1032.91 

16,1 

32*9 

1.3s 

0.75 

2.2 

37*2 


Mediterranean, 
Spec, 51. 

^027.3 

19.7 

jS'S 

3 .« 

0.8 

3*0 

45*9 

From Mar.ieines, and therefore rather weak* from the 
vicinity of rivers. Operated on 100 grs. for evaporation 
and muriate of silver s and 250 for the other salts. 

Dead Sea, 

nil. 

191,5 

3 »S ,4 

0.5 

978 

5 S *5 

584.68 

Philosophical Transactions, 1807. 

]hake Ourmia, 

1165.07 

111.5 

237*5 

66.0 

0, 

10.5 

425.5 

Specimen brought by the traveller Brown. Ope- 
rated on 100, and 50 grs. 


aldve «!3tj?«lrJnjients, the residues were dried as follows, nt. The residue obtained from thft water by evaporation* was ^ 
^ tl^dU|[bly dried at a boiliug heat in a water-bath, till it entirely ceoied to lose weight The muriate of silver was heated to incipient 
fhslon > |he suaphAte of batyWs and oxalate of lime were dried at a boiling heatj and the tmmoniaco-phoapbate of magnesia, , 
neatw Kp iitems were usod^ The precipitates were washed, dried, and weighed, in the same glass capsules in whiebt 

thejr were fcmied, witfc dte exception of the magnesian salt, which was heated to redness by means of the blowpipe, in a 3 
thin and smtdtpkdna orm^ihle* 
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XABZ.B VI. Shozvijis difr&rences irt Temperature of Water from, a deptU or hottom^ and at thesnsr- 
face^ ahserved on hoard JSlis ATcfaesty's ^rtg in the Arctic Seas / hy JLzentenant 


Date 

1818. 

J^atitude 

ISTorth. 

l.oDgitudc 

Hast 

Water obtained ci 
tber &oia a grrex 
depth, or bottom 
as eixpresssed. 

«> 

Temperature of 
Watei bui- 
face at same 
lime. 

■ i_ 

0 

s 

CI 

« is 

M 

Bemarlm as to the Situation, of the VessidL with Tespmct 
Ila.nd or Ice. 


May S6 

o ^ 

76. 4S 

12“ 2^ 

Ueptb^ 

700 lathoms. 

43 

33 

0 

29 

The Ice in small detached pieces around the -vessel 
The land of Spitabcrgen distant 6 or 7 leagues. The 
temperature of the water obtained, was not tried uati 
. the bottle was taken below into the cabin, to whieij 
circumstance 1 think, this e&tiaordinary difference oJ 
temperature fiom that of the surface is to be attributed 

J une 2C 

79^ 58 

11- 25 

Hottom. 

24 fathoms. 

31 

Slf 

■ 

Vessel closely beset by ice. 

J une S 1 

70, S6 

— 

Sottom. 

19 fathoms. 

31 

30 

30 

Ship surrounded by ice. 

> 

June2S 

SO. 

— 

Sottom. 

33 fathoms. 

31 

SO 

30 

Surrounded by ice, not far distant from land. 

-V 

June 28 


10. 12 

Hottom 

21 fathoms. 

32i 

31k 

30 

Beset in ice, close to the land. 

June2^ 

Jgm 

10 

Bottom. 

60 fathoms. 
17 fathoms. 

34 

34 

33 

33 

34 

34 

In open water, near to the land. 

Clear of ice, about 6 miles fkom land. 


79 44 

9. 33 

Bottom. 

15 fathoms 
34 fathoms. 

34 

84 

34 

34 

35 

31 

In eJear open water, some miles from the margin of 
the ice. Near to the land. 

June 27 

79* 51 

10 

Bottom 

72 fathoms. 

S4i 

34 

36 

Uetached pieces of ice near to the vessel. 

June 29 

79, 51 

10. IS 

Bottom. 

J7 fathoms- 
19 fathoms. 

34 

34 

34 

34 

30 

37 

Near to the laud, between two islands. 

July G 

r9- 48 

10. 15 

Bottom. 

34 fathoms 

34i 

34 

s6 

Near to the land, passing between two islands. 

July S 

SO 30 

11. 30 

Bottom. 

120 fathoms. 

36 

33 

35 

Closely beset in ice about 11 or 12 leagues fi»m 

&nd. 

July S 
3P. M. 

SO 20 

11 30 

Bottom. 

130 fathoms. 

36f 

31i 

33 

Closely beset m ice — muddy bottom 

■ 

80. 26 

11. 38 

Bottom clay, 
120 fathoms. 
110 fathoms. 

36 

36J 

31 

30J 

35 

V 

B^et as before about the same distance Bom the 

nearest land. 

July lO 

80. 19 

11. 24 

Bottom. 

119 fathoms. 

36 

32 

‘ 

Closely surrounded by ice- 

July 11 

SO 22 

10. 30 

Bottom, 

120 fathoms. 

36 

32 

40 

Surrounded by ice ^muddy bottom. ' 

» 

July 12 

80. 20 

11. 7 

Bottom. 

145 fathoms. 

35|^ 

32 

36 

Surrounded by ice — muddy bottom. 


July 13 

80- 22 

11. 

217 fathoms. 
Bottom. 

i 37 

3»i 

— 

Kocky bottom- 

July 13 

SO. 22 

11. 2 

235 fathoms. 
Bottom, 

35^ 

32 

404 

Surrounded by ice. ■ rocky bottom 

July 13 

80. 23 

10. 55 

Bottom. 

237 fathoms. 
hXuddy. 

35f 

3Xi 

40 

Beset amongst ice about thirty miles from land. A ^ 
specimen has been forwarded to^ ]Dr. Marcet. *“3 J- 

July X4> 

80. 26 

— 

Bottom. 

233 fathoms 
Muddy. 

35i 

32 

39 

Surrounded by iCe. , 


July 35 

80. 27 
80. 28 

10. 20 
10. 20 

Bottom. 

19s fathoms. 
185 fathoms. 
Mud. 

S6 

&6i 

32 

32k 

S3 

Beset amon^t ice- ^ ^ ^ 

* 

July 16 

80. 26 

11. 25 

Bottom. 

17s fathoms. 
Clay and mud. 

36i 

32 

39 

Closely surrounded by tee about So miles from 

i 

1 

.a 

July 17 

80. 27 

11 

Bottom. 

285 fathoms. 

SSi 

34 

— 

Ice very closely b<»etting the vesiml. ^ 

July IS 

80. 26 

10. 30 

Bottom. 

305 &thonut. 
Muddy, t 

36 

S2J 

36 

.^3 

July 19 

SO 24 

WWi 

Bottom. 

103 fathoms. 

s6i 

31k 

41 

The ice closely surrounding the vessel- ^ 

9B 

H 

80. 21 

10. 12 

Bottom. 

188 fathoms. 

35^^ 

32k 

S4l 

^^^More open water than usual, disfiauce Ibeiu 


80 14 

12 19 

Bottom, 

95 fathoms. 


32i 

4Xi 

Surrounded by ic»>. ^ ^ 

July 22 

80- 15 

11. 

Bottom. 

83 fathoms. 

m 

31 

4t 

- - 

July 23 

80. 15 

11. 36 

Bottom. 

73 fathoms. 


384 

37 

The ice tmeu&ig a little. 

July 25 

80. 15 

11- 

Bottom. 

94 J fathoms 


— 

m 

The urat^ more open Bmu t&i thhJMfc 

July S6 

80. 20 

11. 25 

Bottom. 

55 fathoms. 

36 


36 

Surrobuded by heavy ice. .. _ 

ftsept.lO 
P. M 

75. 14 
75. 14 

3. 53 

3. 53 

Uepth. 

75c ^ftthoms. 
756 fathoms. 

S6 

36 

35 

36 • 

37 

^In open watei^irHia¥«^ 

Sept.24 

i 

66- 35 

1 

5. 33 

Uepth. 

260 fathoms. 

4U 

43 

44f j 












































































































































of sea watersk in differetit parts of the ocean ^ 


Table VII. Temperature of the sea at the surface ^ and at different 
depths ; as observed by Lieutenant Beechey^ on board the Trent, 
in the late voyage to the Arctic Seas, 


Date. 

Latitude. 

North. 

Longitude. 

East. 

Depth. 


Temperature 
of surface. 


0 / 

0 1 

Fathoms. 

0 

« 

May 26 

76 . 48 

12. 26 

700 

43 

33 

June^^l 

79- 56 

i l . 20 

24- 

31 

31.5 

22 

79. 58 

11. 14 

30 

31 

30 

25 

79. 52 

9. 57 

60 ' 

34 

32 

26 

79- 44 

9* 34 

15 

34 

33 

July 4 

79. 49 

11. 

35 

34.5 

34.1 

r 

80. 16 

11. 5 

34 

! 34.5 

34.5 

9 

80. 23 

9. 50 

120 

36 

30,3 

12 

SO. 21 

11. 11 

140 

36.5 

- 30.5 

13 

80. 23 

11; 3 

237 

37 

32 

15 

80. 27 

... . . • • • > 

185 

36.3 

32.7 

16 

80. 27 

11. 5 

173 

36.5 

32 

17 

Ditto 

Ditto 

200 

35.5 

32.5 

18 

Ditto 

Ditto 

331 

35 

32 

19 

80. 25 

II. 14 

103 

36.5 

31.3 

20 

80. 24 

10. 5 

108 

35.5 

31.5 

21 

80. 13 i 

11. 14 

95 

35.3 

32 

Sep. 24 

€6, 38 1 

5. 44 

260 

41.5 

43.5 


We invariably found the tempekature of the water increase with a southerly gale, 
and decrease as we approached the ice. At Spitzbergen, in August, the Hood tide 
which came from the southward, was 3* warmer than the ebb ; the former being 
the latter 34?.^ 


Table VIII. Temperature and specie gravity of sea ivater at the 
surface^ and at certain depths^ as ascertained by JMr. Fisher^ on 
board the Dorothea, during the late voyage to the Arctic Seas, 



* The above Are the itieaiis heiw^o those obsezvaltons jaost to be relief on. The 
Specific Gravllie& with great caxe whfie the ship was bmt In icet and h^ 

tK> mtior^ whh an hj4ro«^c halaik^ Slade fi>r sae bj KeinaAS^ of lisle-ehneet 
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Table IX. Representing the Temperature at the Surface in a series 
of latitudes^ loth going out and coming home such as observed 
by Mr. Fisher. 



Lat. 

Temp. 

Temp. 

Sp. Gr. 


' 

60 

61 

6z 

63 

64 

65 

66 

67 

^ 68 

S 69 

M 70 

72 

73 

74 

75 

76 

77 

78 

79 
S0\ 

Hi.,, 

45/ 

45.5 

45.6 

45.3 

45 . 

44.9 

44.8 

44.7 

42.8 

40.5 

39.2 

57.9 

36.7 

38.8 

38.6 

37.5 

35.9 

31.5 

30.9 

31.9 

m 4 1 

50 . 9 ° 

49.5 

46.1 

44.2 

43.1 

42.7 

45.3 
,3 45.3 

a 47.3 

JS 42.6 

g> 40.9 

■g 36.8 i 

s 36.2 

35.6 

35,9 i 

35.8 

35.6 i 

33.9 

36.4 

36.6 

82.7 

1.0276 

1.0276 

1.0275 

1.0276 
1.0275 

1.0275 

1.0275 

1.0274 

1.0275 
1.027s 

1.0275 

1.0276 

1.0276 

1.0277 
1.027s 
1.027s 
1.0274 

1.0273 
1.0272 
1.0267 ^ 
/ 1.0267 

\ 1.0058 



^ Each of these results Is a mean between all tliose taken between each degree of 
latitude and the succeeding oiiej thus the temperatures annexed to 65**, which are 
44 . 9 * and 42.7% are means between the observations taken between 65** and 66®. 
The speciEc gravities are means of those taken both going out and coming home j 
for the differences of specific gravity (which, when the ship was in motion, was ob*» 
^rved by an Hydrometer, by TnouaHTON) were probably in a great degree occa- 
sioned by the unavoidable cirrors of observation. 
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of sea waters, in different parts of the ocean, &c. 


Table X. Comparative Temperatures ' of Sea Water at the Surface 
and at certain Depths, as ascertained on Soard the Alexander^ 
during the late Voyage to Baffin's Bay, by Lieut. Parry. 


Day of 
the 

Month. 


i8i8. 

June I 
July 1 8 

Aug. 1 4 
Aug. 22 
Aug. 24 

Aug.25 

Aug .29 
Sept. I 
Sept. 5 
Sept. 6 
Oct. 27 


Latiude, 

North. 


Longitude. 

West. 



77. 42 
77. 19 
74* 30 
73. 06 
I. 52 


Depth in 
Fathoms. 

Temperature of 
Water. 


Below. 

Surface. 


0 

0 

' HS 

32 

36 

197 

zgi 

3of-l 

32 

200 

32 { 

422 

29 i 3 

102 

291- _ 

32 

100 

240 

VO 0 


54 1 

j 

29f 

32 

170 

31 

36 

125 


3S 

190 

3 °l 

3S 

246 

30 

36 

473 

47 

49 1 


of Air in the 
Shade. 



W. Parry. 


Table XI. Comparative Temperatures. of the Sea, at the Surface and 
at certain Depths, as ascertained on Board the Isabella, during, 
the late Voyage to Baffin’s Bay, by Captain Sabine. 


Date; 

Lat. 

North. 

Long. 

West. 

Depth. 

Fath. 

Tenn 

Below. 

iperatur 

Surface 

B. - 

Air. 

Remarks. 

May 23 

Aug. 3 

H 

24 

25 

29 

30 

Sept. 5 
6 
7 

V 26 
Oct. 4 

27 

0 t 

59 

75- 52 

7fr; 50 

76. 35 

76, 8 

74' 59 
74* 4 
72. 37 
72. 23 
72, 16 
66. 50 

65. so 

60 

61 

d f 

63 

66 - 

78 

78. 21 
76. 37 

74. 6 
72. 55 
71. 18 
61 

59*3«> 

58 

7 

80 

4*5 

422 

200 

240 

r'oo 

54 

170 

235 

190 

246 

iooo 

100 
200 , 
400 
680 
310 i 
000 i 
470 i 

0 

.37 

29, 

■29* 

3oi 

29i 

30? 

*9i 

29i 

3o| 

30 

28| 

30 

29 

29 

*Sl 

29 

35i 

47 

0 

39 

34 

32 

3 If 

3if 

32I 

36 

3 ^i 

3^ 

35 

33 

33 

33 

33 

34 

40 

.49i 

0 

40 

38 

38 

38 

33 

33 

3*i 
, 34 

35i 

37 

33 

35 

35. ■■ 

35 

36 

No soundings, deep sea. 
Soundings m 430 fathoms. 
1 Soundings in 450 fathoms, 
j mud. 

Soundings in 56 fathoms. 
Soundings in lyo fathoms. 
No souncfings. 

Soundings in 190 fathoms, 
No soundings*^ 

Soundings in looo fath. 

T 

1 ^Soundings in 75a fathoms. 

Soundings in 570 fathoms. 

' No sountUngs. 

No sounmhgs. 


Edward SABUtfi, 
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Explanation op Plate XL 

CC. The brass cylinder. 

W. The valves ; the one in dotted lines opening upwards. 

T. String connecting the two valves, so that they open 
and shut together. 

D. A string fastened at one extremity to the valve in F, 
passing over the three pulleys PPP, and having a weight sus- 
pended at its other extremity W, so that the weight keeps 
the valves forcibly open, 

B S. Springs pressing on the back of the valves, in order 
to dose them forcibly when the weight is removed. 

SS. Side springs, also tending to close the valves. 

LS. Lock-spr’ing, or catch, to keep the valves fast when 
closed. 

A. The wire by which the machine is fastened to the line. 

N. B. The machine is here represented in its natural dimen- 
sions ; but it would answer the purpose much better if it 
were made three or four times larger, and if its weight were 
proportionally increased. 



of sea waters, in different parts of the ocean, &c. soy 


Explanation of Plate XII. 

' Fig. 1. The principle of this improved machine is essen- 
tially the same as that delineated in Plate XI, the valves VV, 
being kept open by means of a weight W, and closing them- 
selves when the weight reaches the bottom. 

The valves in this machine are made of solid brass, and 
they fall by their own weight, so as to close the cylinder, 
the moment that the square FDE, which turns freely upon a 
pivot in P, is depressed in E, where it preponderates, the . 
piece cc, which supports the valves, thus becoming unhooked 
from the recession of the hook, or clicket, in F. This may be 
effected in two ways ; either by the weight W no longer 
pressing on the square in F, so as to keep it fast in its place,' 
and therefore suffering it to recede, so as to disengage cc; or 
by letting down along the line a weight B, that shall fall upon 
DE along the rope A, and disengage the valves by the jerk it 
occasions. This constitutes the improvement by which water 
is now expected to be raised from any given depth, as well as 
from the bottom. 

Fig. 2. This figure does not require any particular refer- 
ences. It represents the instrument in its natural size, which 
simply consists in a glass bulb of moderate thickness, ca- 
pable of holding 844,6 grains of distilled water, with a neck 
or tube issuing from it, and containing a delicate mercurial 
thermometer, the elongated bulb of which is represented in 
dotted lines in the centre of the large bulb. To the end of 
this neck ( the diaineter of which, is near half an inch), a long 
tube haying rather a small bore, is ground air-tight, and 
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a scale of paste-board is fixed to it, in order to record the re- 
sults of the experiment. 

The bulb and neck being then entirely filled with sea water, 
and the tube fitted on, the fluid is thereby forced up into it to 
a certain height, which is marked on the scale. The bulb is 
now enveloped in cotton-wool, or any other bad conductor, 
and placed in a small jar, and this jar is immersed into a cool- 
ing mixture. The fluid is soon seen descending in the tube 
in proportion as the thermometer descends ; and the gradual 
condensations of the water in the latter part of the experiment, 
such as they really occurred, may be seen marked on the 
scale. The level of the fluid in the tube is represented oppo- 
site Ko. afl, 35; 34, and eg, at which temperatures it remains 
sta^onary ; and it then possesses the greatest specific density 
which sea water can attain. 
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XIII. Ati account oj the fossil skeleton of the Proteo-saiims. 

By Sir Everard Home, Bart. V. P. R. S. 

Read March 4, 1819. 

In the year 1814, the skull and vertebras of this fossil ske- 
leton were first described in the Philosophical Transactions ; 
and so much was the attention of the public called to the 
subject by that account, and so many specimens were brought 
under my observation, that in the year 1816, 1 was enabled 
to make many valuable additions to my former paper. In 
1818 , 1 laid before the Society the description of bones not 
before met with ; and since that time, through the kindness 
of Mr. De la Beche, and Colonel Birch, I have procured 
materials, which put it in my power to describe nearly the 
complete skeleton, and to correct any errors, which the imper- 
fect state of the first specimens had led me to commit. 

One of these errors was,abelief that the orifice immediately 
before the margin of the orbit was natural, as it occurred in 
every specimen of the skull I had met with, five or six in num- 
ber; but Colonel Birch has shown me a portion of a skull 
of very large dimensions, in which the nasal bones are perfect, 
and no such orifice is seen ; so that the aperture described and 
delineated in my first paper, is the effect of injury the bones 
have sustained. A drawing of this skull is annexed, half 
the size of the original spedmai. The drawing is made by 
Mr. Clift. 

MDCccxix. E e 
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Iti a specimen in the possession of Mr. De i-a lircifL, llu 
hones of the sternum arc met with in their relative situation 
respecting the surrounding bones, affording a salisfactory 
proof that we are acquainted with all the parts of whicli the 
sternum is composed. In this specimen, the ribs cati be 
traced to a greater extent than in any hitherto examined ■ 
they are not joined to the sternum by cartilages, but, as in the 
camelion and crocodile, arc composed wholly of bone ; and 
what is peculiar to themselves, each rib consists of one piece, 
having no intermediate joint : it dc.scribes a con.sidcrablo curve 
in coming forward, and the outer side of the rib at that part 
is broader and stronger than any other. Their great length 
gives considerable depth to the chest. 

In this specimen the bones are very small, but as they are 
completely formed, we must consider them to belong to a full 
grown animal. 

When the vertebrae of the middle of the back in thi.s spe- 
cimen, are compared with those of the largest size that have 
been met with, it would appear that different species of the 
animal, were of very different sizes. In this specimen the 
diameter of a dorsal vertebra is only ^ of an inch; in the 
largest that has been preserved it is g ijiches. 

The drawing of this specimen is made by Mr. Dk la 
Beche. 

A specimen belonging to Colonel Bnicir, which in compli- 
ance with the wishes of my friend Mr. De la Beche has 
been brought under my observation, contains nearly the en- 
tire skeleton of this extraordinary animal, and shows the im- 
portant fact, that it had posterior as well as anterior feet ; as it 
gives a posterior view, the bones forming the pelvis cannot be 
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fossil skeleton of the Proteo-Saurus. 

made out, but these may be said to be the only ones with 
which we are now' not acquainted. 

This magnificent specimen is represented of its full size, 
in the annexed drawing, which has been made with so much 
ability by Mr. Clift, as to require no verbal explanation. 


Since this Paper was laid before the Society, the author has 
received from Sir Joseph Banks a specimen containing five 
fossil vertebras of the Proteo-Saurus, each of them two inches 
in diameter, and one inch in thickness, found in the blue 
lias at Weston, near Bath, sent to him by the Rev. Daniel 
Lysons. This fact is important, as it proves that the fossil 
bones met with in the blue lias in that neighbourhood, which 
have always been considered to be those of the Crocodile, 
belong to this animal. 
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XIV. Reasons for giving the name Proteo-Saurus to the fossil 
sMeton which has been described. By Sir Everard Home, 


Bart. V. P. R. S. 


Read April i, 1819. 

In the three Papers which I laid before the Society upon the 
subject of this fossil skeleton, I never ventured to hazard a 
conjecture upon the place in the chain of created beings, to 
which the animal belonged. 

There were many circumstances which proved it to be un- 
like any animal at present in existence ; some again making it 
an approach to the bird; others that connected it with fishes; so 
that I determined to prosecute the investigation till I had attained 
more satisfactory information respecting the skeleton, before 
I attempted to give the animal a name. This I think I have 
now done, the bones of the pelvis being the only ones not yet 
brought to light, and these are not necessary to enable us to 
make out the peculiar characteristics of the skeleton. 

The discovery of the animal having four feet, established 
by the annexed drawings, removed it almost entirely from 
the finny tribe, in which there is no instance of such a mode of 
progressive motion. 

It appears also distinct from the lacertas, in which there is 
ho instance of cupped vertebras. All that tribe, as well as 
snakes and frogs, have the vertebrae united by regularly 
forined ball and socket joints, 

TKe^ facts made it evident that the skeleton belonged to 



Reasons for giving the name, ^c. sig 

an animal, somewhere intermediate between fishes and lizards, 
although belonging to neither ; and the name Icthyo-saurus 
has been suggested by those who saw it in that point of 
view. 

Finding the farther I advanced in my investigation, that 
the approaches to the lizard were greater and greater, and 
the only association with fishes was in the cupped vertebrae, 
I was led to examine the vertebrae of . the Proteus, three 
specimens of which Sir Humphry Davy had iust sent me 
from Germany, and found them all deeply cupped at both 
extremities, and the intervertebral cavity filled with a fluid, I 
found the same structure in the vertebrae of the syren from 
Carolina, and in those of the axolotl from Mexico, Dr. Ijeach 
having placed at my disposal a specimen of the axolotl, in all 
respects similar to that brought to Europe by Humboldx, apd 
so well described by Cuvier. In both of these last spedes 
the cavity filled: with elastic ligamenti 'and in the ajs^ 
olotl, the septum between the* two . cups was not , completely 
closed. . ' . 

Mons. Cuvier, who has proved in so satisfactory a manner 
that the proteus and syren; are completely formed ^imals, 
has expressed his doubts ; respe<^ing; the , ^axolotl ; apd 
hints at its resembling the jterva * of the: salamander ; feat 
leaves-the matter open for future .enquiry. 

- When it is mentioned that the salamander I h^s ball snd 
socket joints to its vertebrae, and those of the axolotl are 
capped, that -celebrated anatomist will agree that these ani- 
mals belong to different geneara ; and! admit that, jftheiaxolotl 
is a liirva; cupp^ vertebtse^ 

which strucmre, I: tiehevevis^€mly m«t w 
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the syren, and the axolotl ; and these three when compared 
together, appear to be equally complete animals. 

This opinion is strengthened by the observation, that the 
parts of the rana paradoxa which are removed when it 
becomes a frog, contain no bone, all the tail beyond the 
pelvis being soft cartilage. The same remark holds good 
with respect to the larva of the salamander, and I should 
believe with all other larvae. 

From this statement it appears, that the proteus from 
Germany, the syren from Carolina, and the axolotl from 
Mexico, not only agree in having lungs and gills, and there- 
fore capable of breathing both in air and water; but in 
having feet, and cupped vertebrae, and therefore capable of 
employing both the mode of progressive motion of land ani- 
mals and of fishes; and whatever variations there may be 
among themselves, yet as they all possess these two great 
distinguishing characters, which no other animals have, they 
must be allowed to form a distinct tribe, or more properly 
a distinct class, which, not to multiply terms, I shall call 
Proteus, till a more appropriate name is given. 

The fossil skeleton resembles the Proteus tribe in having 
feet and cupped vertebrae, but differs from it in having long 
ribs attached to a regularly formed sternum, admitting of the 
chest being very capacious, and also in having no arches 
fitted for gills; it cannot therefore be called a Proteus, al- 
though allied to it, in having two modes of progressive rao- 
tfewf It w the teceita in its mode of breathing, but 

dil^:^ fi'oild it in the ihode pf setting on the ribs on the spine, 
of plates of the eye 

balls ; h eiyenot 
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Its place in the chain of animal creation is clearly pointed 
out to be between the proteus and lizard, and will be suffix 
ciently marked out by calling it Proteo-saurus. 

Explanation of the Plates. 

Plate XIII. The representation of a portion of the skull of 
the Proteo-saurus, half the natural size, showing the form of 
the nasal bones immediately before the orbit. This is the only 
specimen in which these bones have been met with entire. 

Plate XIV. The representation of the sternum in an 
entire state, in its natural situation, confirming every thing 
shown in a Plate in a former paper, and determining its 
extent, which was not before so exactly known. The appear- 
ance of the ribs, shows that they come forwards towards the 
sternum in a bony form, as in the camelion, from which 
however they diSer in having no joint, each rib being made 
up of one piece through its whole length, and at that part 
which forms the curve there is an increase of substance, 
making it stronger than the rest. There is something simi- 
lar to this in the ribs of the chaetodon of Sumatra, a des- 
cription of which, by Mr. Bell, has a place in the 83rd 
volume of the Philosophical Transactions. The figure is 
of the natural size, which is the smallest that has come 
under my observation ; the drawing is made by Mr. De la 
Beche. 

Plate XV. Eig. 1. The representation of the skeleton 
of the Proteo-saurus, more entire than any hitherto met with; 
it is of the natural size. The different bones of which it is 
composed are sufficiently perfect, and sufficiently in their 
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places, to make any verbal explanation unnecessary. The 
drawing is made by Mr. Clift. 

Fig. s. A vertebra of the proteus from Germany, repre- 
sented by Mr. Bauer, magnified ten times, to show the cup- 
formed extremities. 

Fig* g, A vertebra of the proteus from South Carolina, 
magnified four times, by Mr. Bauer, to show the same part. 







C 217 3 


XV. Some Observations on the peculiarity of the Tides between 
Fairleigh and the North Foreland; with an explanation of 
the supposed meeting of the Tides near Dungeness. By James 
Anderson, Captain in the Royal Navy. Communicated ly the 
Right Hon. Sir Joseph Banks, Bart.’G. C. B. P.R. S. 

Read March zg, 1819. 

Having observed that several Charts and Books of Navi- 
gation assert, that the tides from the North Sea and the 
Channel, or the Eastern and Western tides, meet in the 
vicinity of Dungeness and Rye harbour ; and that, on such 
authority, this opinion has been too generally adopted by 
those, who have not had the opportunity or the inclination 
of making personal observations ; as well as by the pilots 
on this part of the coast, who from being incapable, for the 
most part, of making observations or deducing inferenees 
from facts before them, readily embrace the first theory 
they meet with in print, however erroneous or inconsistent ; 
I have been Induced to bestow all the attention in my power 
to the phaenomena of the tides between Fairldigh and ikiet 
North Foreland, and now venture to submit the result of 
my observations to the notice of the Royal Society. From 
having caruised constantly wifhin these limits for nearly two 
years and a half, I haise had mmiy oppqptttmkiea of makhig 
observations ; but I must, nevertheless, piofess njy readi- 
ness to admit any alteration or improvement wWch may be 
pointed out by those more conversant with the subject ; truth 
alone being the object of my enquiries. 

MDCCOXIX. F f 
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I. Phenomena of the Tides between Fairleigh and the North Fore- 
land on the English coast, and Cape ITAlprie and Calais on 
the French coast.* 

The tides rise between the easternmost point of Fairleigh 
and the North Foreland from seven to eight feet higher 
than on either side of these points ; and during the last three 
hours and a quarter in which the tides run to the eastward, 
the water falls by the shore, making it half tide of ebb on the 
shore, or by the ground, when the current of the tide 
changes and begins to run from the eastward to the west- 
ward ; and it still continues to fall by the shore for two 
hours and three quarters after the tide has so changed ; at 
which time it is low water every where within these limits. 
The course of the tide continues to run to the westward two 
hours and three quarters longer, during which time the 
water gradually rises by the shore, making nearly half flood 
by the land, at the time the current of the tide ceases to run 
to the westward ; and returns again to the eastward, and con- 
tinues to rise for three hours and a quarter, when it is high 
water by the ground. It then begins to fall again during 
the last three hours and a quarter, whilst the current of the 
tide sets to the eastward, as above stated ; and so on in con- 
tinual rotation.f 

These appearances have, no doubt, given rise to the 

• In tie detail I shall principally confine myself to. the English coast, as the 
phsenmnena, and their causes and efiects, on the French coast, within the same 
liii 9 i£s> are precisely similar. » 

f jbtay one who has attended to the tides, in general, knows that, where there are 
no locsfl-ohistacles to prcrent it, they flow regularly about si* hours in one direction 
and Uien jaaifi high water, and ?bb aboat the same time in a contrary direction, 
then makiiig low trater. ' • 
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erroneous opinion that the tides meet between Dungeness 
Point and Rye Harbour ; but the real cause of these states of 
the tides within the particular limits I have described, seems 
to me to be the very great and sudden contraction of the 
channel between Dungeness and Cape D'Alpr^e, and the 
South Foreland and Calais Point. In that part it becomes, 
all at once, narrower by more than half of its width to the 
eastward or westward of these points. Dungeness is a long 
narrow point which projects from Winchelsea on the west 
side, and Hythe on the east side, to the extent of nine or ten 
miles, at least, directly into the sea across the channel ; and 
forms two deep bays, one on each side. Opposite to Dunge- 
ness is Cape D'Alpr^e on the French coast, jutting out also 
into the sea, so as to contract the distance between it and the 
opposite point to about twenty-four miles, and this cape has 
also a large bay on each side, of which Boulogne bay is to 
the eastward. (See the charts.) 

The distance from the South Foreland to Calais is only 
eighteen or nineteen miles, and between these opposite 
shores lie the Ridge, the Yarn, the Goodwin, and several 
other shoals on both sides of the channel, all of which serve 
to contract this strait still more. The western tide, therefore, 
coming up the English channel, meets with a resistance to 
its course at Dungeness and Cape D' Alpine, by the very 
sudden contraction of the space between these points ; where, 
from the passage being insufBcient to discharge the quantity 
of water brought from the westward, it must necessarily 
accumulate, until it encreases the channel both by deeperang 
and widening it, so as to become adequate to the discharge 
of the body of water supplied by the impulse of the tide. 
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This accumulation is of course the same every where within 
the straits of Dover (from Diingeness to a ridge of rocks 
to the eastward of the South Foreland), and also extends 
some distance without them, as far as the easternmost point of 
Fairleigh on the one side, and the North Foreland on the 
other ; Dungeness west bay, and the Downs, forming as it 
were two large natural basons or reservoirs at each ex- 
tremity of these straits, for the reception of the accumulated 
water, until it can find a passage. On this account the water 
must rise accordingly by the ground, or oh the shore, 
during the time of this accumulation, wherever it takes place ; 
and it. is indeed found to be at its greatest height or mak- 
ing high water by the ground^ at about three houp and a 
quarter after the tide of flood has run from the westward. 
At this time all the sands without the North Foreland are 
covered, and afford a greater vent for the discharge of the 
accumulated water. The extensive flats also on both sides 
of the channel, on which the sea now flows in like a torrent, 
demand a greater supply than is recrived through the Dun* 
geness pamge. Fr^ this pariod then ( viz. three hours 
and a quarter after the r^ular flood tide has run to the east- 
ward )j the water is dtawm off from the places where it had 
accumulated, and begins to fall gradually by the shore dur- 
ing the remaining three hours and a quarter, in which the 
current of the tide runs to the eastward ; making half tide 
^ ebb by the ground, within t^e straits of Dover and the 
two reservoirs or basonSj, when the current of the tide ceases 
.. '' ^|uP -'to'ifeh#:'eaiSt;ward at which time it is kigh waie^ eyQry 
" -for ' the, inequalities, of 
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When it is high water without the North Foreland, as at 
Margate, the Kentish Knock, &c., and the tide, which is the 
true or regular ebb tide, returns to the westward through the 
Downs, the water still continues to fall within the Foreland, 
and on to the easternmost point of Fairleigh, for two hours 
and three quarters of the first of the true or regular ebb tide ; 
because the tide is falling generally, and the passage by 
Dungeness discharges the quantity brought by the ebb tide 
during that time. But when the true or regular ebb fide has 
run two hours and three quarters, it is low water by the 
shore, between the North Foreland and Fairleigh ; because 
the channel through the straits of Dover, (becoming again too 
contracted to give vent to the great body of water which now 
presses forward from the Medway and the North Sea, aug- 
mented by the currents and tides discharged from the great 
continental rivers and inlets,) how again accumulates in the 
narrow passage, and in the Downs, from the North Fore* 
land, and thus begins, from the above stated period, to rise 
by the shore. 

It thus continues to rise for the remaining two hours and 
three quarters, at which time the true or regular ebb tide 
has ceased to run to the westward, and it is lorn water every 
where without the North Foreland, and to the westward of 
Fairleigh. But within, these limits (viz. between the North 
Foreland and Fairleigh), it is halffmdt in consequence of:the 
accumuiatiQn of the water during the latter part of the ehb 
fi#,' The twe csp iegular ebb 

now ceases to TO true or regiihr £ood tide from 

the westward retuTO? ‘fewnglog , with it greater quantity 
or body of water than the Dimgeness jmssage can yet admits 
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consequently it must accumulate in Dungeness west bay, and 
rises proportionally from thence along the shore to the 
North Foreland for three hours and a quarter of the first 
of the regular flood tide, because the tide is rising generally 
every where ; and about this time the channel, becoming 
broader and deeper by the accumulation of the water and 
rising of the tide, is again sufficiently large to discharge 
the supply. The accumulated water being thus drawn off, 
as before mentioned, and with an accelerated current, to 
cover the flats and fill up the Medway, and the continental 
rivers, again begins to subside by the shore, at which precise 
period it is high water by the ground within the limits of 
accumulation, both on the English and French coasts ; but 
without these limits it is only half tide of flood; and therefore 
the true or regular flood tide must run three hours and a 
quarter longer to the eastward, during which time the water 
falls by the shore, within the limits of accumulation, until 
it finds its level every where ; and so rises and falls in per- 
petual rotation. 

The tidej within the limits where the water accumulates, is 
found to rise from a8 feet to 50 feet perpendicularly, which is 
from 7 to 8 feet higher than it generally rises in the Channel* 
The following seem to be causes of this extraordinary rise. 


At half tide by the shpie^ within these limits, the water has 
found its level every where, and half the rise of the tide 
here, at high water ( viz. 14 or i$ feet), being drained off to 
make high water Without the North Foreland, and produce 
' S|^i|eyel, if a space twice the breadth it for- 

the' same' .quamity'of 


f from 7 to 8 feet) 1hat 
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it was when confined in half the space it now occupies. It 
may hence be inferred that the rise of the tide here, more than 
elsewhere, is nearly equal to about one quarter the rise of 
tide, whatever it may be ; but as this must always depend 
upon local circumstances, as the same effects could not be 
produced if the situation was different, no general reasoning 
can apply. It has also been ascertained, that the true or re- 
gular flood tide runs six hours and an half to the eastward, 
while the true or regular ebb runs only five hours and an 
half to the westward ; which makes the current of the tide 
run an hour longer to the eastward than the westward ; but 
I have always found, from actual observation, that these tides 
are very mqch influenced by the winds. 

Upon the whole, however, from the easternmost point of 
Fairleigh to the North Foreland, on both sides of the channel, 
it is always water by the ground^ when the true or regular 

flood tide has run three hours and a quarter from the west- 
ward ; always haljehhby the ground, vfhen the true or regu- 
lar flood tide ceases to run from the westward ; always low 
water, when the true or regular ebb tide has run two hours 
and three quarters from the eastward ; always half flood tide 
by the ground, when the true or regular ebb tide ceases to 
run from the eastward ; and always high water by the ground 
again, when the true or regular flood tide has riin three hours 
and a quarter from the westward, or nearly so, and so on 

coTitinually- 

II. MeeUng pf tfm Tideineditiunginm^ ' . 

Althougli the foregoing observations may not deddedly 
prove that the meeting of th tides cannot take place at or near^ 
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Dungeness, yet I trust, that they rationally and intelligibly 
account for the peculiar phaenomena of the tides which occur 
there, without attributing them to the meeting of the tides, 
which could never produce these appearances. But if the 
tides do meet at Dungeness, they must meet in a line directly 
across the channel ; for it is a fact so well established, that 
no one I believe has ever ventured to contradict it, that the 
western or true flood tide makes high water at Beachy Head, 
Fairleigh, Dungeness, and Deal, at nearly the same time as 
at Dieppe, the Soame, Boulogne, and Calais, the opposite 
points on the French coast, each to each ; and that the east- 
ern or regular ebb tide makes low water, at the same time, 
at the same places. 

But if the tides met in a line across the channel, Jt must be 


evident to every one who has been at sea, that such a meet* 
ing would occasion so tumultuous a war of elements, between 
two large bodies of water impelled against one another, by 
the current of the tide and force of the winds, at a velocity of 
from four to six miles an hour, , according to the age of the 
moori: and strength of the wind, as would produce, from their 
funous and violent concussion, so great a sea, that no ship 
could venture to encounter it without the most imminent 
-danger. '1.. 

That this is not the ca^, experience daily proves ; and 


therefore the absurdity and fallacy of the doctrine which as- 
serts it, areobvious. But every master of a collier or Coasting 
vessel, trading from the northward to any western port, as 
J^s^smouth, Flyniouth, that the flood tide sets 

apf feastWd,?:albng the English co^st 
' the, Keatisli.Ki^Ck r 
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and if he can reach it by high water, he calculates rightly, 
that he will have an ebb tide thence, which will carry him to 
the westward for nearly six hours longer. From this it is 
evident that the tides from the northward and eastward, and 
southward and westward, both meet at the Kentish Knock,* as 
they both make high water about the same time at the same 
point; and then the ebb tide recedes from this point in the 
opposite directions to which the flood had advanced. The 
formation of the coast too, by gradually altering, the course 
of the flood . tide between the South Foreland and Buoy of 
the Nore, from E. N. E. to W. N. W. within the stream of 
the Goodwin Sands (while without this sand it continues to 
run E. N. E. and easterly), in a great measure prepares for 
their meeting, without that wild commotion and furious con- 
tention which their coming together in a directly opposite 
line across the channel, would inevitably occasion. It also 
admits of their gently blending their waters together, and 
smoothly taking the same course, along both sides of the 
Ix>ng Sand, &c. the one, viz. the flood tide from the eastward 
up the King’s Channel into the Thames, and the other (the 
flood tide from the westward through the Downs) up the 
Queen's Channel into the Medway, making only a strong 
eddy or whirlpool about the Knock, and a foamy rippling 
where they meet, as they proceed onwards together. 

But, although the tide from the northward and eastward 
makes flood tide along the N. Ei coast of England to -the 
Kentish Knocks yet it is equally jWeE that ;the 

tide from the southward, and iwestwa^^ makes flood tide 
along the oppoitim t^oasts of FlatHl^# Btoll^d and Jutland, 

• ITiis sand is df cSmilaf so foinied by tfae conUniially wiuTling ^dy «f 

ibehiits. i -•..■..i/'i'’'',;.'' 

^ ' ■MD.cccxix,' ' ;Gg ,• 
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as far as the entrance of the Sleeve. From this last men- 
tioned fact it evidently appears, that the flood tide from the 
westward forms two distinct branches at. the Kentish Knock, 
taking different directions; the smaller of which, consisting 
of the stream of the tide within the Goodwin Sands, takes its 
course W. N. W. up the Queen's Channel, as before stated ; 
whilst the larger, consisting of the streanS of tide without the 
Goodwin, continues its course E. N. E, and easlerfy along the 
Flemish and Dutch coasts, until it is lost near ’the entrance 
of the Sleeve, in the great botiy of tide from the northward 
and eastward. 

The opposite tides which, naeet in the North Sea do not 
. meet in a line directly across any part of it, but in a diagonal 
line, exfertding from the Kentish Knock to the entrance of 
the Sleeve; where there is no tide, but a strong current, 
which almost always sets from the Jutland to the Norway 
side in the Sleeve ; and which most probably proceeds from 
the eddy, proceed by the great body of water coming round 
the Naze of Norway, meeting the remdns of the western tide, 
aided hy; the reaction of the Jutland shore. In fact, there is 
hardly any tide observable between the Horne reef arid the 
entrance of the Sleeve. 

The tides thus meeting in a diagonal linein theNprth 
&a, gently and gradually blend their watem together^ 

^ causing die least tuimdtuaus apj^aranjEie,|j exlnbiting 
jbereiy a JMe . foamy rippbng, wMch eaii ,be disd^ed in fine 
weather only, when tfe geMeral maisS 'of wat^ is perfeclJy 
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the opposite coast, with the wind from the north-eastward, so 
that she can lay her course on the larboard tack', the pilot 
will prefer getting under weigh at high water, on the Eng- 
' lish coast, to take the ebb tide under his lee ; and if he can 
get half channel over during the ebb tide, or by the time of 
low water on the English side, he will find a flood tide from 
thence, setting along the opposite coast, which will also set 
under his lee for six hours longer, running in the same direc- 
tion as the ebb tide did . on the English, side of the channel ; 
and thus he will carry twelve hours tide with him ; whereas 
had he continued on either side, he would have had a regu- 
lar si:i hours tide each way ; with this difference, that he 
would always have the tide setting in opposite directions 
on the one side, to what it would be on the other. That is ; if 
the flood tide was setting to the westward on the English side, 
the flood tide would, at the same time set to the eastward on 
the Dutch side. Hence were a ship to sail, as above stati^, 
with the wind so that she could lay her course on the star-^ 
hoard tack, she ought to get under weigh at low water on the 
English side, by which she would be able to carry twelve 
hours tide again under her lee, suppposing her to reach the 
meeting of the tides at high water. 

Every person who has been at Spithead may have observed, 
that the water rises there, and every where within the Me of 
Wight, as far as Hurst Castle, for more than three hours 
afife it is high water at the Owers, Dunhose, and every 
the Wight, and wheh has, c^ooiUj^se, 

made: to the - westward ; and that it is not iSigh water at 
Spithead, Pommonth Harbour/ Southampton River, or any 
where within the Wight, until the dbb tide has run that time. 
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This is evidently occasioned by the narrow passage between 
Hurst Castle and the Island not having sufficient capacity to 
discharge the quantity of water brought by the ebb tide from 
the eastward through St. Helens ; which therefore meeting 
with a resistance at Hurst Castle, accumulates and rises within 
the Wight, at the same time filling up Portsmouth Harbour, 
Southampton River, &c. &c. when the tide is falling every 
where in the English channel. 

This circumstance arises from the same cause which 
occasions the tides to rise and fall in the Straits of Dover ; 
with this difference, that it is high water by the ground, at 
the last mentioned place when \he flood tide has run three hours 
and a quarter from the westward ; but it is high water by the 
ground at the former, when the ebb tide has run about the same 
time from the eastward. It might therefore as well be asserted 
that the tides meet at St. Helens, Portsmouth Harbour, or 
Hurst Castle, as at Dungeness ; but the fact is, that the phas- 
nomena which appear at these different places, are produced 
by the same cause producing similar effects, with only the dif- 
ference occasioned by local circumstances in the time and man- 
ner ; and this cause is the accumulation of the water brought 
forward by the tide ; an accumulation which is occasioned by 
there not being a sufficient space for its discharge, in conse- 
quence of the contraction of the channel at the particular 
places where these phsenomena are exhibited. 

There is in fact a meeting of the tides, on a small scale, 
within the Wight; for the tide of ebb from Southampton River 
meets the tide of flood from the Needles, at the sand called 
Bramble (which has probably been originally formed by 
their, meeting) ; from thas. they flow to Spithead, and meet 
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the tide of ebb from Portsmouth Harbour, at the sand called 
the Spit (perhaps also formed originally by their meeting 
there), and causing an eddy tide, which would deposit such 
sand, mud, &c. &c. as the current of the tide brings along 
with it : nor do I think it at all improbable that the Long 
Sand, at which I have stated the meeting of the tides through 
the Downs and from the North Sea to take place, has been 
likewise formed by the deposit of such things as the opposing 
tides brought with them, to the place where they met. 

Being employed on the expedition against . Walcheren, the 
laborious and difficult duty of passing the transports through 
the Slough passage into the West Scheldt devolved upon me, 
and afforded me an opportunity of observing another pecu- 
liarity of the tides in that place. 

The Slough passage lies between Walcheren and South 
Beveland, communicating with the West Scheldt and the 
Veer Gat. From its junction with the last channel, the tide 
flows through several different channels between the islands, 
to the northward of South Beveland. On each side of the 
channels in the Veer Gat and Slough passage are extensive 
flats or mud banks, which begin to be covered about half 
tide of flood, and again begin to be dry about half tide of ebb. 
The flood flows regularly up the West Scheldt, carrying with 
it a vast body of water, which takes its course by Ram- 
mekins through the Slough passage, and meets the. flood 
tide which flows_, up the Veer Gat at the north end of ^uth 
Beveland j whehce they : flow tpgethetijiiroii^: different 

channels f^ adjacent inlands. At high water 

the ebb sets again regularly down West Scheldt: and Veer 
Gat, but the ebb tide in the Slough ccaitinues to run to the 
northward, the same course as the flood tide, and passes down 
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the Veer Gat until the flats and mud banks become dry ; at 
which time the current of tide in the Slough changes, and 
runs to the S. Westward into the West Scheldt by Ramme- 
kins ; thus making the current of tide run nine hours one 
way, and only three hours the other. This may be account- 
ed for in the following manner: when it is high water in the 
Scheldt, and the tide of ebb sets down the river, it sets over 
the extensive flat between the north-west point of South 
Beveland and Rammekins into the Slough, until the flat be- 
comes dry, which occasions the tide to continue the same 
course as before, although the water is falling. But when all 
the flats become dry, and the water is confined within the 
proper limits of the respective channels of the West Scheldt, 
the. Veer Gat, and the Slough ; and the Veer Gat being then 
only about go yards or less in^ width, three or four times nar- 
rower than the Slough, the water through the Slough cannot 
any longer find a vent through the Veer Gat, and therefore 
seeks one by the West Scheldt, where there is sufficient space 
for it; and hence the tide in the Slough changes and runs out 
by Rammekins into the Scheldt. 

It would scarcely have been important to mention this pecu- 
liarity, as it is confined to a very small space, and where ves- 
sels of any considerable burthen never perhaps passed before 
the above mentioned expedition, and never may again ; had 
itnot on this occasion presented one of the greatest obstacles,* 
next to the continual adverse gales, which the transports had 
to contend 'with, in getting into the West Scheldt; and which 
could not have been overcome, but by dint of the most labo- 
rious and persevering exertions ; and also as it furnishes a 

• Thfe ol««acIe, I Was wsm known to the C<w»Biander in 

Chief, down to ftis moment* 
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proof of what 1 have before advanced, “ that local circum- 
stances will always have an effect upon the tides, to which no 
general reasoning can apply, in all straits and insular situa- 
tions.'* These circumstances, however, may readily be acer- 
tained by observation and by observation only. 

J. ANDERSON. Capt. R.N. 

36 Hans Place, 6th February, 1819. 

I have annexed a table showing the gradual rising and 
falling of the tides in Boulogne Bay, from soundings* taken 
every half hour whilst laying at anchor there, and which I 
think will greatly tend to confirm what I have advanced, with 
respect both to the rise and setting of the tides in the Straits 
of Dover, with the times of high and low water, and of the 
change of the current of tide there; circumstances which, 
I have reason to fear, have not been, hitherto sufficiently at- 
tended to; but which would prove of the utmost importance, 
especially on expeditions where much boat service must be 
had recourse to ; and in disembarking troops at a particular , 
point, or in making an attack upon vessels at anchor during 
the darkness of the night ; when a want of the necessary 
knowledge of the tides, or as it has often been called “ a mis- 
take in reckoning them," might be productive of the most 
fatal consequences.'!' 

♦ As these soundings were takea with a conamon lead and line, and diflPerent 
hands, I cannot Venture to say that they were taken very accurately ; and there might 
also be some itiregularitiesin the ground, which would occasion a dMFerence ; and be- 
sides, they were taken 6 or 7 miles from the wherd the tides 4? not rise quite 

so Mgh a$ on the shore, owing to the re-aetion of the^g^^ 

f A mistoe in calculating the tide at this very pldcd is mentioned by Lord 
NfitsoN, as n reason why the boats sent in by him to attack the French flotilla in Bou- 
logne Bay, in xSoi, did not get:Up with the enemy till long after the appointed time^ 
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References to the Table. 

The first column contains the month, and day of the month , 

The second column contains the wind and weather. 

The third column contains the time the soundings were 
taken ; 

And the fourth contains the soundings, and the time the 
ship tended, or turned round with the tide. T. E. signifies 
tended to the eastward or to the flood. T. W. signifies 
tended to the westward or to the ebb tide. 
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Soundings taken in Boulogne Bay, at anchor, on gist July, TiSt, 2d, ^d and ^th August ^ 
i8ii, ow Board His Majesty's Sloop Rinaldo, Capt. Anderson. 



FttU utooDr and tides ^ 
not jfet at thcar Ripest* " 
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XVI. On the Ova of the different tribes of Opossum and Orm- 
thorhynchus. By Sir Everard Home, Bart. V. P. R- S. 

Read March 25, 1819. 

Now it is determined that the ova of quadrupeds in general 
are formed in corpora lutea, and that in all such animals 
the ova become attached to the uterus, and by this means 
the foetus receives its support and increase ; we are enabled 
to ascertain the modes of formation of the ova of the opos- 
sum tribes, which from the want of this previous knowledge 
have not been investigated with the smallest degree of success. 
This becomes the best apology that can be made for the fai- 
lure of every former attempt. 

In this enquiry it will be found, that the ova of all the 
animals of these tribes are not formed in the same manner, 
and that the differences met with, make two distinct links 
between quadrupeds in general and the ornithorhynchi ; 
these again approach so nearly to the bird, as to complete 
the links of gradation between the human species and the 
feathered race, so far at least, as concerns their mode of 
generation. 

The mode of formation of the ova in the kangaroo, consti- 
tutes the first link in this beautiful series. 

In the kangaroo, Mr. Bauer has found the corpus luteum, 
similar to that in quadrupeds; it is represented in the annexed 
drawing. Indeed it is to Mr. Bauer's talents and microsco- 
pical observations that we are * indebted for all our infor- 
mation upon this subject. 
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In the kangaroo, the ovum when expelled from the corpus 
luteum, passes along the Fallopian tube, and as there is a 
thickening and glandular structure surrounding the portion 
of the tube next to its termination in the uterus, it is there 
that the yelk, or something analogous to it, is probably 
secreted ; the ovum with the newly acquired yelk, drops from 
a pendulous opening into the uterus, in which it receives the 
albumen. In one specimen the uterus in a pregnant state, 
came under my observation ; but as it was sent from New 
South Wales, in spirit which had not been timely renewed, 
the contents of the uterus were reduced to a confused mass, 
in which only a part of the bones could be made out ; 
enough was however seen, to determine that the ovum of 
the kangaroo in the uterus has an abundant supply of albumen. 
There vvas no attachment whatever between the albumen 
and the uterus; There are two lateral canals that commu- 
nicate between the uterus and vagina: these answer the pur- 
pose of aerating the foetus by means of atmospheric air. 

As the penis of the male has only one orifice at the point 
adapted to the os tincae, the ovum must of necessity be im- 
pregnated in the uterus, the structure of the Fallopian tubes, 
and their mode of terminating in the uterus, rendering it 
impossible for the semen to pass into them. 

The foetus, as soon as it arrives at a certain size (at which 
time it in general weighs about 1 s grains,) is expelled from the 
uterus, and is received into the marsupium, where it becomes 
attached to the point of one of the itippl®?# at first by simple 
coiitabt j but as the foetus gWwS> the , iiipple is jfound fariiher 
in the mbuth Upon the siWface of |lie tongue. In the 85th 
volume of the Philosophical Transactions, Plate ;XVin. 3 £,IX, 
XX. and XXI. and in the looth volume, Plate Xllh mqst of 
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these circumstances are represented, but the uses of the 
different parts, I readily confess,' I was at that time unable 
accurately to comprehend. 

The mode of formation of the ova in the Koli and the 
Wombat of New South Wales, and in the great and small 
Opossum of North America, constitutes the second link in this 
chain of gradation. 

In none of these different genera are there corpora lutea 
in the ovaria, but in their place a certain number of yelk-bags 
of different sizes ; and these are so completely imbedded in 
the substance of the ovarium, that to common observation 
they appear to be so many corpora lutea. There is no 
thickened glandular structure surrounding the Fallopian tubes 
near their termination in the uterus. Instead of one uterus 
having two Fallopian tubes, there are two uteri and one tube 
to each ; and in proof that the ovum in each uterus is im- 
pregnated separately in its own cavity, the point of the penis 
jn the male is so formed a;^ to throw the semen into both. 
The lateral tubes, by which the foetus is aerated in the kan- 
garoo, are formed in these genera in a different manner ; there 
is only one to each uterus, and this, instead of communica- 
ting with the uterus at the fundus, opens into it at the cervix. 
The yelk-bags are shown in the annexed drawing, I have 
not had an opportunity of examining the ovum of any of 
these animals in utero, but Mr. Bell, a very intelligent sur- 
geon, transmitted an account to Sir Joseph Banks, of the dis- 
section of a female koli, in which he met "with an imperfectly 
formed embryo in each of the uteri, surrounded by a mass of 
albumen. The young of all these genera are expelled from 
the uterus into the marsupium, and become attached to the 
prominent points of the nipples. 
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The mode of formation of the ova in the ornithorhynchi, 
constitutes the intermediate link between that of the American 
opossum and the bird. 

The yelk-bags in the ovaria of the ornithorhynchi are more 
distinct, and less deeply imbedded than in the opossum : there 
is no regular uterus, nor Fallopian tubes ; the yelk-bags pass 
along an oviduct, the lower part of which performs the 
office of a uterus. In this situation the ova are impregnated ; 
the penis of, the male, which is bifid, throwings the semen 
into both oviducts at the same time, through several points 
like a watering pot, so as to scatter it all over the cavity. 
The ova are aerated by the vagina. The ova in a magni- 
fied state are represented in the annexed drawing. The 
organs of generation are figured in the 92nd volume, Plate 
IV. of the Philosophical Transactions. To show that the 
yelk-bags in the omithorhynchus resemble those of the 
pullet, a.magnified drawing of them made by Mr. Baueii in 
that bird, is annexed. 

To those members not conversant in compaKative ana- 
tomy, the following summary may be acceptable. 

In the human species, and quadrupeds in general, the ova 
are formed in corpora lutea, and pass into the uterus, to the 
sides of which they become attached ; when the foetus is com- 
pletely formed it is expelled by the vagina, and afterwards 
sucks the mother. 

In the kangaroo the ova are forined in corpora lutea, re- 
ceive their yelks iri the 'FallbpKUi ttd>ei ahd albumen 
in the uterus. The ovum thus completed, is imprecated in 
the Utenis^ aerated by means df lateral tubes, and when 
the young is expelled from the uterus, it is received into the 
marsupium, and ajttaohed to the nipple of the mother. 
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In the American opcvssum, the yelk bags are formed in 
theovaria; pass into the uteri, there receive the albumen, 
and are then impregnated ; the foetus in each uterus is aera- 
ted by one lateral tube. When expelled from these uteri , 
the young are received into the marsupium, and become at- 
tached to the nipples of the mother. 

In the ornithorhynchi the yelk-bags are formed in the 
ovaria ; received into th^ oviducts, in which they acquire the 
albumen, and are impregnated afterwards ; the foetus is aera- 
ted by the vagina, and hatched in the oviduct, after which 
the young provides for itself, the mother not giving suck. 

In the pullet, the yelk-bags are formed in one ovarium, 
impregnated in one oviduct, and hatched out of the body. 

Explanation of the Plates. 

Plate XVI. 

Ovarium of the Kangaroo. 

Fig. 1. The ovarium of a young kangaroo laid open: 
natural size ; showing the corpus luteum. 

Fig. 2. The same section magnified four diameters, to 
show the corpus luteum more distinctly. 

Fig. 3. A section of the corresponding ovarium of the 
same kangaroo, magnified four diameters ; to show an inci- 
pient corpus luteum. 

Fig. 4. A similar section of the ovarium of an old kanga- 
roo :■ natural size ; in which there are two corpora lutea. 

Fig* $, The same section, magnified four diameters. 
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Plate XVII. 

Ovarium of the American Opossum. 

Fig. 1. Front view of the ovarium of the large American 
opossum ; natural size. 

Fig. 3. The same view, magnified five diameters. 

Fig. 3. Back view, magnified five diameters. 

Fig. 4. A perpendicular section, magnified five diameters. 

Fig. 5. The same section, magnified ten diameters. 

Fig. 6. A young yelk-bag, magnified twenty diameters. 

Fig. 7. A full grown yelk-bag, magnified twenty dia- 
meters. 

Fig. 8. A full grown yelk-bag opened, to show its con- 
tents ; magnified twenty diameters. 

Plate XVIII. 

Ovarium of the Omithc^hynchus Para^stnis. 

Fig. 1. Front view of the ovarium of the omithorhynchus 
paradoxus: natural size. 

Fig. 3. The same view, magnified five diameters. 

Fig. g. Back view, magnified five diameters. 

Fig. 4. A small portion cut off from the upper end of the 
left side of Fig. g. ; magnified ten diameters. ^ 

Pig. 5. An internal view of the same portion, magnified 
ten diameters, to show the yelk-bags. . 

Fig. 6. A fdl grown yelk-b?g, magmfied twenty dia- 
metOra.,',' \ ,■ 

Fig, 7. A young yeik-hag oj^ned, to show its contents : 
ma^ified twenty diamethrsi. ~ 

Fig. 8. A full groy?n yelk-bag opened, to show its con- 
tents : magiMcd tWetily diametem^ 
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Fig.f. The globules of the yelk diluted with water, mag- 
nified four hundred diameters. 

Plate XIX. 

Ovarium of the Hen. 

Fig. !• Front view of the ovarium of a hen ; natural size. 
Fig. a. A small portion of the same, with some very 
young yelks : natural size. 

Fig, p. The same small portion, magnified five diameters. 
Fig. 4. Back view of the ovarium of the hen : natujral size. 


Since this Paper was sent to the press, the author has received, 
through the kindness of Governor Mac Quarrie and Sir John 
Jemison, four specimens of .female Ornithorhynchi Paradox! 
from New South Wales, and finds in all of them, as well as in 
every other specimen that has come under his observation, 
that there ate yelk-bags only in the Icft^oVarium, showing that 
both ovari|itfa>yt gener^.la nse tha«. 'fhMf 

an iheaillite one, lying on 

the left Mde. , 

In the chick of ^ k is hatched^ there 

is a small por^Q of his 

hffisip the hhielt 
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XVII. The results of Observations made at the Observatory of 
Trinity College, Dublin, for determining the Obliquity of the 
Ecliptic, and the Maximum of the Aberration of Light. By the 
Rev. J. Brinkley, D. D. F. R. S. and M. R. I. A. and An~ 
drew’s Professor of Astronomy in the University of Dublin. 


Read April i, i8ig. 


Observations have been made by the eight feet circle 
of the Observatory of Trinity College, Dublin, at the respec- 
tive summer solstices since the year 1809, with the exception 
of two. The obliquity of the ecliptic thence resulting, has 
always agreed so nearly with that adopted in the French 
tables, that I have heretofore thought it useless to make any 
public communication relative theretq» But some drcum- 
stances have now induced me to lay my results beforte rile 
Royal Society. 

The recent publication of Mr. Bessel's valuable labours on 
the observations of Dr. Bradley, has afforded us a more 


exact determination of the obliquity of the ecliptic, as de- 
duced from the early observations by the Gr^wich qua- 


drant, than we before pofifessed. The dbmi 


of rifls 


with the preset obliquity, us ^ rilf^l an 

mtarval ofi]^Iy 




to obi 
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the present obliquity, as deduced from a mean of the obser- 
vations of different astronomers, should be used. 

It has been an opinion almost generally received among 
astronomers, that observations of the winter solstice, have 
given a less obliquity of the ecliptic than 'observations of the 
summer solstice. 

The explanation of this seemed very difficult. But in the 
above mentioned work of Mr. Bessel, he calls in question 
this opinion, and shows that the observations of Dr. Bradley 
give the same result, both in summer and winter. His own 
observations also tend to the same conclusion. The observa- 
tions of Dr. Maskelyne, of M. Oriani, of M. Arago, and. of 
Mr. Pond, are in opposition to these ; to which my own may 
be added. 

It is not likely that this diflference really exists, but it is 
a question of some importance in astronomy, and the ex- 
planation thereof may throw some light on other points. 

It is probable the difference arises from some unknown 
modification of refraction. I find, and I believe other obser- 
vers have found.thesame, that at the winter solstaoe, an-irre- 
gularity of refraqtion takes place for the sun greater than for 
the stars, at the same zenith dLstance. The zenith distance 
of the sun at this place is then nearly 77®. 

What Mr, Bessel has adduced, certainly, tends to> render 
the prevalent, opinion doubtful. It therefore appears to me 
of consequence, that astronomers should pay attention to the 
observations at the winter solstice. My observations at that 
time have been much fewer than in the smamw, because^ on- 

of the ujjcertaiAty.of refractienjl.consideced them of 
le*® haportance. 
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It has been proposed to make the two results agree, by an 
increase of the quantity of Bradley's mean refraction ; but 
this could not be done, without increasing it by a quantity 
greater than can be justified by other determinations respect- 
ing refraction. 

Considering then this uncertainty respecting the observa- 
tions of the winter solstice, it appears better to compare the 
results from Dr. Bradley's summer solstices, with the result 
as deduced from the mean of the observations of different 
astronomers. 



The mean of i8 observations near the winter solstice gives 
me mean obliquity Jan. i, 1813, 23® 27^ 48",i4. 

The above determination of the obliquity by observations 
near the spramer solstice gives (taking the annuak diminu- 
tion o",43.) 

Mean obliquity Jan. 1, iSooesas® 27' diifeiing only 
i" from that assumed in M. IDelambre’s, tables of the sun. 

Mi>:Bis8BJbV work, -v, ■ ' ’ 

' -t' 1813, p., 3^4. - 

' a: tow ieet noting 
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And as far as my own observations are concerned, the diffe- 
rence does not exceed half a second. 

In M. Zach’s solar tables, there is given a determination of 
the obliquity of the ecliptic computed by M Gerstner, from 
a mean of a great many observations of Dr. Maskelyne’s, 
made at 19 summer solstices. Although the results of the se- 
veral solstices are rather discordant, more so than was to be 
expected from a fixed instrument, yet it is likely a mean of 173 
observations cannot be far from the truth. 

This mean is 33° 38' 1 i",o for 1 769, 
when reduced to 1800, is 33 37 57 ,7, 
which agrees sufficiently near with the present determi- 
nation, to show that, if the necessary corrections for the sun’s 
latitude, &c, had been used, the result would probably have 
been very exact. 

The mean of 103 observations at 17 winter solstices com- 
puted by M. Gerstner, gives for 1769—33“ 38' ; a result 

which, after making all possible allowances for the error of 
the quadrant, is considerably less than that deduced from the 
summer solstices. 

In using the eight feet circle, two or more observations 
were made a few minutes before the sun arrived at the meri- 
dian, and then the instrument was reversed, and observations 
made after the passage. The results were carefully reduced 
to the meridian ; the upper and lower limbs being observed, 
the zenith distance of the centre was deduced from the 
instrument itself. This facility of reversing the instrument 
seems more likely to produce exact results, than those ob- 
tained by a fixed instrument, although from the necessary 
effect of the action of the sun on the parts of the instrument, 
the results must be expected to be more discordant than those 
obtained by a fixed instrument. 
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The results of the several observations are as follow 


Time of Observation. 


1809, 

June 9 

14 

15 

17 

18 

1810* 

19 

22 

June I 

6 

iBii. 

20 

22 

June 18 

19 

22 

1813. 

June 22 
24 

28 

X814. 

June IS 

*9 
21 ' 

22 

23 

1 

1815. 

24 

25 

June 21 
22 


28 

l8i6» 

29 

June 16 

28 

i8j8. 

1 

June 1 1 
. 12 

x8 
20 

22 

24 

30 ' 


Observed 

Corr. for 

Mean Obliquity re- 
duced to Jan* 1, 

Declination. 

G>*s Lat. 

1813 . 

0 j a 

0 

® 

22 56 4,34 

+ 0,24 

^3 27 5 i »43 

23 i6 24,84 

-I- 0,82 

50,85 

23 19 15,49 

+ 0,85 

50,76 

23 23 41,83 

-f* 0,84 

49.56 

23 25 15,58 

Hf“ 0,82 

46.67 

23 26 28,74 

+ 0,74 

47.87 

23 27 37>58 

+ 0,32 

49.58 

23 21 17,24 

— 0,40 

52,76 

0 37 > 3 i 

+ 0,49 

23 27 50,00 

22 37 23,04 

-f“ 0,64 

47.55 

*3 27 7.65 

— 0,55 

49.43 

23 27 43,28 

~ 0,29 

53>43 

23 24 35,59 

+ 0,63 

23 27 52,67 

23 25 58.05 

+ 0,68 

5 1 >07 

23 27 40,65 

4. 0,66 

50.78 

23 27 41,28 

4- 0,25 

23 27 S3.58 

23 26 17,22 

+ 0,34 

50,07 

23 24 59^75 

+ 0,33 

49.97 

23 23 17,68 

4- 0^28 

50.06 

83 18 38,88 

+ 0,05 

49.36 

23 18 40,32 

4- 0,65 

1 23 27 49,01 

23 26 21,29 

+ 0,07 

1 5 *^ 2 ^ 

23 27 40,26 

— 0,26 


23 27 42,88 

, — 0,42 

49^23 

23 27 21,44 

0,56 

49^63 

23 36 35,25 

— 0,65 

50,02 

23 25 23.89 

■ — 0,69 


23 27 41,40 

+ 0,03 

23 27 52,78 

23 27 48,76 

+ 0,16 

51,48 

23 22 24,08 

+ 0,73 

54.56 

23 20 1,40 

+ 0,76 

51,46 

23 17 16,13 

+ 0,76 

50,4s 

23 22 29,42 

+ 1.15 

23 27 52,31 

23 ^7 S ^>73 

+ o,S8 

5*. 23 

23 18 3,91 

— 0,11 

S 3 . 6 i 

■ 

®3 4 50.08 

~ 0,76 

23 ^7 49»^3 

23 9 2,5a 

— 0.64 

53*359 

23 25 20,22 

+ 0,33 

54,81 

23 27 26.32 

+ 0.67 

53 * 3^3 

*3 *7 55 » 7 ® 

+ o.ji 

53>53 

23 26 44,04 

+ 0,35 

5 ** 9 ^ 

23 13 *0,25 

: — 0,42 

5 i >53 
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In the paper which I had the honour of presenting to the 
Royal Society last year, I mentioned my dntihts a.<5 to the quan- 
tity of the maximum of the aberration of light, and that, as far 
as could be ascertained from Dr. Bradley's Wanstead obser- 
vations with a zenith sector, we ought rather to adopt 3o",oo 
than 2o'^,S5. I also mentioned that it would be desirable to 
investigate this point, and therefore during the last year, I 
instituted a course of observations for this purpose, and I beg 
leave to offer the results thereof. 



By these the maximum appears to be so", 8 o, which Is much 
greater than I had expected. While these observations were 
going forward, Mr. Bessel's work above mentioned was 
published. From several investigations in the Greenwich 
observations of Dr. Bradley, he also deduced the maximum 
= 8o",7o, nearly. These results certainly appear extraor- 
dinary, and are not likely to be acknowledged by astrono- 
mers, unless they shall be established by a great number of 
observations. 

My results were computed with great care, allowances 
being made for the ellipdcity of the earth's orbit. It is not 
Hkdy, supposing the velocity of the light of all the stars 
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to be the same, that the result can err more than ^ of a 
second.* 

By continuing the observations, I hope to obtain farther 
information on this interesting point. And it appears to be 
an enquiry deserving of the joint co-operation of astronomers. 

Those ‘instruments which admit of observing each star, 
without a reference to other stars, seem best adapted thereto. 
It is not likely that the maximum of aberration diflfers in 
different stars ; yet this ought not to be taken for granted. 

The mean N. P. D. Jan. 1, 1818; deduced from former 
observations, haire been put down as a proof of the consist- 
ency of my instrument. ^Ursae Majoris is the only star in 
which the difference is worth notice. Whether this difference 
is from the error of observation, or from any uncertainty in 
the proper motion of the star, it is difficult to say. Three 
results reduced by Bradley's refraction are as follow. 

N^P.Dv JaWt 

My^observatiicai^ i8s« 84 r®* 18^^99 

Mi*. Pond's obserYatfon; ^ ^ ^ 18 ,53 

My observation, 1818 17 ,67 

A comparison of independent results is- for many reasons 
much to be' desired. T offer the above principally with 
a view of calling the kttention of astronomers to such 
investigations. , - . 

• The observations of Mr. Pokd wtbthe fixed telescope, maybe adduced as con- 
trary to my results ; because with this miriaium aberration, lus summer and wia^ 
ter differences of N. P. distance of 0 Aurigae and,« Cyghl would differ by i" in a 
direction contfi^ to parall^. But it also seems to show the of exact detta'- 

minadon ofthe precise quantities of the equations , before any eonclu- 

sirc arguments fospecting the non^esdst^e of obsemtioiis of the 

positions of stars rdative to ^ch other, be adduced. In observations by the eight 
feet circle this is not so neces^iy> as has b^ before mentioned. 
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It appears to me, that the only method by which an expla- 
nation of the difficulties that have occurred, from a compa- 
rison of the Greenwich observations and of those made at 
this Observatory, can be obtained, is from an extensive series 
of observations of many stars, referring each to the apparent 
zenith point. I am therefore pursuing such a course of ob- 
servations. Conclusions as to the existence or non-existence 
of parallax, from comparisons of the relative places of stars 
taken indiscriminately, must be liable to much uncertainty, 
whether the comparisons be made by polar distances or by 
right ascensions. The former being affected by the uncer- 
tainty of refraction, may, at first view, be thought more sub- 
ject to error than the latter ; but a careful consideration of 
the circumstances attending the latter method, will show that 
it has its peculiar difficulties.* 

* As Mr. Bessel’s determination of the maximum of aberration has been referred 
to, it may also be right to mention his results respecting the parallax of certain 
stars. He uses transit observations of stars nearly opposite in right ascension (p, i lo. 
Sec.) Thus he finds the sum of the parallaxes of Sirius and oc Lyras insensible, and 
the sum of the semi-parallaxes of Procyon and et Aquilae, nearly This method of 
using the transit observations is undoubtedly far preferable to that of using them 
indiscriminately. With respect to the observations Mr, Bessel had to compute 
from, I think it must be allowed they were not sufficiently exact, to give much weight 
to his conclusions* The methods of observing with the transit, and of entering the 
observations, were then far inferior to the present. This objection, however, does 
not apply to the observations of the pole star, and therefore does not affect the maxi*^ 
mum of aberration deduced from the observed right ascension of that star. 

Observatory ^Trinity College, Dublin, February 13 , 1819. 
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XVIIL On some new Methods of investigating the Sums of 

several Classes of infinite Series. By Charles Babbage, Esq. 

A.M.F,R.S. 

Read April i, 1819. 

The processes which it is the object of this paper to explain, 
were discovered several years since ; but certain diflScuIties 
connected with the subject, which I was at that time unable 
to explain, and which were equally inexplicable to several of 
my friends, to whom I . had communicated these methods, 
induced me to defer publishing them, until I could offer some 
satisfactory solution* 

These observations refer more particularly to the second 
method which I have detailed in this paper, and which may 
not inappropriately be called nuth&d of espan^^ 
fomtally and summing vertically. Some traces of this method 
may, perhaps, be found in former writers, and particularly 
in a paper by Professor Vince, “ On the Summation of Se- 
ries,” printed in the Philosophical Transactions for 1791 ; but 
there exists this peculiarity in that which I have eniployed, that 
after a certain number of the vertical columns are summed, 
all the remainder either vanish, or else have some common 
factor. This method, which I employed about the year iSii, 
gave the values of a Variety of senes wh^,. sums had not 
J^thertd of which wem apparently correct, 

bufsome of the coBsequmces which followed were ewdently 
erroneous. Abpnt this time, Mr. Hersohel^ to whom I had 
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comniunicated these anomalous results, by following a very 
different course, arrived at several general theorems, which, 
when applied to the series I had obtained, gave the same 
results. This coincidence at first increased my confidence 
in the values so discovered, and I continued to examine the 
reason why my own formulae were in some cases defective. 
Mr. Herschel’s method was published in the Philosophical 
Transactions for 1814; and it was not until some time after 
that I perceived, that although the investigations were very 
different, the fundamental principle was the same in both 
methods. This induced me to attempt summing the same 
series by a direct process, and I succeeded in obtaining their 
sums by integration relative to finite differences, aided by 
certain peculiar artifices. The results obtained by this new 
plan, which is the first treated of in this paper, coincided with 
those already found, and seemed to confirm their truth, with- 
out in the least indicating the cause of the error : this cause 
however I now began to suspect, and, after some enquiry, 
I was at length able to detect. I have found that the method 
of expanding horizontaily and summing vertically ^ will always 
lead to correct results, provided a certain series which I have 
pointed out, is finite. I have also shown how to express this 
series by a definite integral ; and when this integral or this 
series has a finite value, the method may be depended on. 
In case this series or this definite integral is not finite, then 
the value of the series* multiplied by zero, must be added to 

• The investigation of this series is generally a task of considerable difficulty. I 
have-howeyer given an example, wherein the coirecdon thus found, added to the 
suua ^t^8i;ed by tb« method we are coit^enqg, gives the true value of the series, 
which in tins ejue is one wh^se s\fxa^ has been foui^d by Euler. 
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the sum given by this method. In this latter case, however, 
the mode of summation which I have proposed, is not well 
adapted for giving the suras of series ; its greatest advantage 
is felt when the integral or series alluded to is finite : but 
even in this case the criterion I have pointed out is not use- 
less, for it serves to except certain particular values of the 
variables, which would give incorrect results. Without this 
criterion, or without something equivalent to it, I am inclined 
to think that the principle on which this method is founded, 
although it will probably in many cases give accurate results, 
will in others produce such as ape-tio^ only numerically but 
symbolically untrue. It is worthy of remark, that the me- 
thod of expanding horizontally and summing vertically, in many 
instances, gives precisely the same formulae as the direct pro- 
cess of integration ; yet that that method attaches limitations 
to them# which are necessary to their accuracy, but which are 
not indicated by the method last mentioned. 

Before I proceed to explain these two processes, it will be 
convenient to prove that the values of all series of the forms 
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or else they depend partly on these and partly on other 
series, containing the powers of the sines or cosines of an arc 
in arithmetical progression in their numerators, which is a 
species whose sums are easily found. For the sake of brevity, 
I shall make use of the general term of any series with the 
characteristic S prefixed to it to denote that series. Begin- 
ning then with the series SAx*' we observe that when 

m is an even number, we have 




[sin i6)” _ 
(cos iGy*" 


=SAx 


t 

I I— (cos ifi)* I 
* (cos ifij" 


=SAx 


(cos iS]" 


-sax'. 


+ ^2 ^SAx*— . 

i (cos »•«)”“+ 


■&C. 


(€0519)““^ 

(«) 

tWs series will always terminate when m is an even number ; 
and if m is greater than n, the last terra will have no cosines 
in its denominator: if w==», the last term will be SAx*'; and if 


m is less than «, the last term will be SAx' 


(cos i$) 




so that in 


all cases when ?w is an even number, the series in question 
wiU depend on series of the form SfW or on others 
whose sums are known. 

Let us now consider the ease of >« =s an odd number; then 


we have 


in— I 


SAX' 


(sin 

{cos ie)» ' 


:SAx‘ 

i 


sin f9. 1 1 — (cos i9)* I * 

(cos j9J" ■“ 


— OA„- (Mn»9 
(cos *6)' 


~SAx'--2iI!L 4 


2.4 


-HAX'-^ 
i (cos 


' ^ - i (cos 

This series always terminates when tn is an odd number ; s 
in a similar manner, we shall find the two following ; 


4+&c.(i) 
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m 


SAX' ^ = SAX- 


I— (sin iS)^ * 




(sin i6)* 

I m > 

t" 2.4 


SAj:’ 


(sin ifl) “ + 


•&C. 


m—i 


when m is an even number, and 


SAa:' 


(sin i&y* 


=SAx‘ 


COS i 


m— -I 


(sin 16)" 2 


SAar' 


SAjc* 

i 

cos 16 


vW — 2 


(sin zfi)" 


cos id 


2.4 


(sin id) 


11-^4 


&c. 


I (sin i9) 

when m is an odd number. 

Let us now propose to investigate the sum of the series 
Ax A*® A»* 


1 + 


(sin 6)* * (sin 2d)® * (sin 30)® 


&c. 


Assume ^x = Ax Ax' -f 

I z 3 

Put p** for X ; then it becomes 

tjrt?** = A©** + ’i-Av**-j~ See. 

1 3 3 

^ ^2JOi 

Integrate both sides, observing thatr»*‘*=j| 5 ^; then we have 


54 ^©* 




ff4x 




1 Z 3 

Integrate again, and after the integration we shall have 


4/©’ 


^A;^ + A 


(»♦— 1)“ 


+ A 


(»«—!)* 


*4* &c. 


j V ^ 2 ' 3 

Now let ©= cos 6 + Vila sin &; then our equation becomes 


Put » + T for-», and we have 


(sin 20)® 


"i" A (sin 38)“ 


(aV— i)"^" S= A 


, (smi 


+ (sinae)* \m 38)" + 
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I z 3 

If after the integration we had put v instead of v, and then 
vss COS 6 + V— 1 sin fl, we should have found 

•ajtt -405 

(—SV' — ”= A Pnl^+ A .Jin 26)" + ^ (sin 36^ + 

I 2 3 

—a *-3 

fsin 6)* ^ (sin 267’ ^ (sin 36)“ "J” C® ) 

I 2 3 

Neither of the integrals exhibited in ( i ) and ( s) are inte- 
grable in the most simple cases, and it is only by their com- 
bination that I have been able to obtain the sums of any series. 
Let us suppose A=i, A = — 1, A=i, A = — 1, &c. then 

2 3 4 


= aIsoIet« = 

then the difference of the two series is 






2*+I 


,**+* 


+ 




I _ «— a> I x*-x 

-22—1 J sin 8 sin z 9 * sin 3d 


(31/— 1) 

t I+W*~ ■ • I+W 

but the integral on the left side of this equation becomes 
(a i/»— 1) S( 1 ) which is equal to aV — i (»+&) : hence, since 


log* 


If a; = 1, h= 0, and since log v 
log* 


.S 






sin 8 sin z$ 

0 y' — 1, our series becomes 




.It 

ip*— d? , 2^— ar 


'&c. 


( 3 ) 


d sin B sin zB • sin 30 

let a;=cos v'— -i, sin 6' ; then, since log x will become 

6'^— 1, by dividing both sides by s — i, we shall have 


sin B 


sin z 8 


sin 30 


lAje swies (3) is integrable when multiplied by and this 
operaticai may be repeated any number of times; the first 
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operation produces 

I 

zfl — ^ I sin 6 2 sin 29 3 sin 39 "r 

the value of the constant c, which is equal to the series 

I 

j ® { I sin 9 ”” 2 sin 29 3 sin 39 } 

cannot be determined from this equation, but by a second 

dx 

multiplication by — and again integrating, it may readily be 
found : this second operation gives 

(log 2 )» , logs?, X— 7 ■ Srp 

2.3.9^ I 2 * sin 29 "*”3* sin 39 

If X =:i, c = 0, put j;= COS 6 -j- V — 1 sin then we have 


J ^ _& 0 . } s|i' 

From this equation the value of c may be found ; it is 

J=7{T + = Sf} 


The value of c thus found, we have the series 


(log *) 


.9 ^ 9 I 6 i* 5 — I si 


j!±±. 4. &c (’/;') 

2 sm 26 ^ a sin 


sin 0 2 sin 20 • 3 sin $0 


(Iogs;)i ■ logx f 6® , g±l?_ ^«* 2®-^ ■ o.- (Q) 

1.2.3.9 ^ 9 I 6 T'SSO ,, J— 2’'sin2» T3»sin39 “-C- V'^>' 

In the first of these put x =; cos 6 -f- v/— i sin 6 , and it be- 
comes — ^4.^S^ = -j (7) 


* Throughout the course of this Paper I shall have condnual occaaon to employ 
the series i + ^ — &c,5 they can always be earpresscd bymeans of the num- 
bers of Bsrnouillj, and the powers of and for the sake of brevity I shall always 
denote them by S * 
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By continuing to multiply (3) by ~ and integrating, it is easy 

to perceive that we should arrive at the two following theo- 
rems— 


(log a?) 


zk 


vzit — 2 


i. 2 ..zkA + "iSralZr + &C. + c 


•-1 

a? -fa: 




— &C. 


(log «) 


zjl-f I 


1.2 .zk-\-t .6 


-« 

as^x 


2 * 4 - 2 * I 

2**“’sin2fi 3 **”‘sin 38 

r i.2.ak^i -r ^ 


( 8 ) 


i**sin 6 


2***in 26 


+ 


2*— 2 


3®*sin 36 


■ &C. 


the constants c, c, c. See. may easily be determined from each 
* 3 s 

other, the value of c has been already found, that of c and c 

1 3 5 

are as follows ; 

2 o ±i , 29 c I 78* 


+ i* "T* 


360 


<^=tS^+tS4^+»SS-7 + ^ 


76* Q ±I 


fl 5 3 * 

5040 


a variety of series are deducible from those of (8) ; I shall 
only mention two of them ; 

cot# cot 29 cot 39 ^ 


and 


JL- 

sin 6 


I . 

a 3 

X sin 


2 *— I 


sin 20 


4. * . iiiJi?: _ &c 

T 53 Jin je 


Returning to the formulae (1) and (2) by addition and 
subtraction, we shall have when n is even 

(sv'— i)*S“ [ +(“* } = 
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and when n is an odd number, 

( Sv^— 1 )*s* 

= A^+A^ + Aj^+&c. 

From these expressions it appears, that the reason why we 
have succeeded in the integrations is, because we had so as- 
sumed that the sum, is a constant quantity ; 

the same success must follow whenever this condition is ful- 
filled : and hence, we have a method of discovering the sums 
of a great variety of series, containing the powers of the sines 
of arcs in arithmetical progression in their denominators, by 


solving the functional equation This 

is fortunately one of a class whose general solution I have 
arrived at it is 




2*+». 




or ij/ar 


(pX + 0 — 
X 


In the example I have employed n was supposed equal to 
unity ; if this is not the case, we should have found 

s*( 1 ) = ^ — 0 ^ + ^_ &c. __ 

If in the functional equation we put c =: 1, and (px ss= tan x, 
then we have J/x = - tan x, and 

the upper or under sign being used as «, is even or odd; if 
«= 1, the constant is zero; and we have 

t 

AT log X X— X* £^-^ 7 ? - X»— X^ O ^ . 

ii$r *“ I sin d TanTSS ■ 7 sin cfl ***** * '9/ 


2?*— X . X»— X 

4 sin *■ c sin cfl 


d 5 sin 3d ~ 5 sin 50 


MDCCCXIX. 


* See Flulc^opbjcal Tnmsactione for i8i7> p* aoau 

LI 
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this may be njultiplied by — , and inlep^rated any number of 
times in the same manner as (3), and the results would be 


1.2...2A + - 

1 ik^l 


4. M ^ g 4. &c. + jgjf. c 

• X. 2 .. 2 A «~1 . * * X 2ft — 1 


1** sill 0 
zk^z 


3*^ sin 39 


“T sin 5I 




- . "*5 

, a^—x 

^aAH- 5*^"*“ *sin 58 


and these constants may be determined one from the other 
in the same manner as the former. I shall only give the 
value of the first, in order to compare the value of the series 
to which it is equal, with the sum of the same series deduced 
in another manner. 

i^= 75 +T®g^“®{i^sin 0 3* sin 38 + 5* sin 58 •— &C. | (l ,s) 

In order to ascertain the sums of series which contain cosines 
in their denominators, we must use an artifice which I shall 
now explain. 

Assuming as before i}/x = Ajt 4 -' Ax* 4* Ax® + &c, and put- 

j a 3 

ting »“* for X, we have 

= Av** -|- + Az/** -f- &c. 

» 2 3 

If we were now to integrate this, we should introduce into 
the denominator of any term x**' — 1 ; but we want to introduce 
the same expression with the signs of both terms positive. If 
we multiply both sides by ( — i)* and then integrate, we shall- 
have first 


(—1) iI|»T?»*5=: A®** (— 1)*4. Az;^(— 17 + Ap** ( — 1 )* 4- &c. 

* * 3 
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And since A ( — i)* = — (— i)* + **—(-. i)** = 

we find 

Integrating each term separately, we have 

S(-'T+*“=-{A^' + A^+Ai5^+&c.} 

1 2 j 

Let this integration be repeated n times, it will give 

(-,rs.(-.)>“=A^ + A9^+A'^ + &a 

Let r» =: COS ^ v/— 1 sin 6 , and z + ^forz; this becomes 


(^s)*S"(-i )- V ^^“+»=(- 1 )- V { A-^-l 




(cos8)« » ^(cos 28)” 


+f(:^sr +*“=■} 

And finally, 

(_*).(_, ).S.(_ir+.“+”=Aj^+A^+Ajs|^ 


' ^ + A 

(cos 20 )* ^ (cos 38 )" +&c. (i, 3 ) 


^ (cos fl)" 


The integrations here indicated will, as in a former instance, 
generally surpass the powers of analysis in its present state ; 
but a contrivance similar to that which has been already 
stated, will in many cases elude the difficulty : the artifice 
consists in investigating another similar series arranged ac- 
cording to the descending powers of the variable, integrating 
it in the same manner as we have that marked (1,3), and 
. adding these two results, we shall in many cases have a func- 
tion which is integrable, and the two series become equal in 
the case of 4 f = i. By commencing with the descending 
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series -^v =:Av + At' -^Av multiplying by (— i) 

I 2 3 

and integrating, we shall get the expression 

-asa •-4» 

. V V / k V a A V a A V 

(-«)■(— 'y *■(-') -I® =^(^+A(:^+A 


"6x 


(cos. 38)" 


:A 


(cos 8> ^’(cos 26)“ "T (cos 38)" 


»a 


+ A-i 


-3 

X 


+ &C, (14) 


There occur very few cases in which it is possible to execute 
the integrations in (1,3) by adding the two toge- 

ther, we have 


4. + &c. 

^ , (cos 38)"^ 


(1.5) 


Here we may observe that the new series is exactly double ei- 
ther of the others ( 1 ,3) or (1,4) when x =5 1 ; also, that the inte- 
gration on the left side can be executed any number of times, 

whenever jf/t'*®'*'" is a constant quantity; the forms 

of the function which fulfil this condition, have already 

been given. LetJ/zsas -It, then A « 1, A ca — ^ 1, Asss i, See. 

t Z 3 

and since 4 '®**'*'” + as 1, we have 


These integraiicais are easily executed ; and commencing with 
«*»!, we have 


« • (-^y^ + i+a 






■ See. 


COS 9 cos 

In order to determine the constant 6, put x =s cos 6 4- 1/— r 1 
siq $ ; then, since z in that case becomes we have 
1 4. 1 s a ^ s 4* s — a 4* 3 cc. s= 1 . 


f8+&C 
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hence bt=io, and we have 


A'* 4-^* t 

^ “ cos 0 CO? 20 • cos 30 


Continuing to integrate, it will be found that all the constants 
are zero, and we shall arrive at the following theorem ; 

-x * “3 

X^X X-^-X 1 X^i-X ^ 

^ ““ (cos flj" ‘ (cos 20/ ' (cos 30)“ 

(i»7) 

Let X = — X, then it becomes 


, j — *+* .4. - 1 I fer 

~ (cos 0)« i (cos 2^y I (cos 30)” ^ 

( 1 , 8 ) 

Putting X = 1 in both these, we have 


1 I * 1 > Q.« 

2 ^ (COS 8)” (cos 20 )” * (cos 30)" 

(1,9) 

2 (cos 0 )" 1 (cos 20 )“ (COS 30 )“ 

(®,i) 

I propose in the next place to determine the 

value of the 


series 


2A . ' See. 

1 ** (cos 6 )* 2®*(C0S 20>* 3 **(COS 36 )® 

This may be accomplished by multiplying (1 ,7) by and in- 
tegrating ; this operation, being performed on it 2* times, will 
produce the series whose sum is required ; the first integra- 
tion gives 


— ^ „ I (cos fljy* ”” 2 (cos 29 )” 




■ 

aCcossS)* 


&C. 


If j; = 1 , c = 0, the secJond operation gives 

— _-£±l! 0-- 

1.2* I* (cos 6)* 2* (COS 20)*^ 


If a? = 1 'i» (cos e)» a* (cos 2fl)» + ^ 

In order to determine put x s=s cos y'—i sin then 
we have 
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0 I _ 

***** 2 ‘ ^2,tr^ 


’z*(cose)«”» 


i^(cos 

The equation 7 being integrated, gives 

2,n 


c =ii; + 6 

I 2 2 * 


If «=:(J 
Hence 


r =6= ^-4-+-.--&c. = sS~ 

2,0 1* 2» » 3^ r 

c = — . — +28-^ and 

z,n I 2 ' I 


(log.;!;)* n 8* i ± ®*±£Z X fLiflT /Vr* 

* T • T • T TvXTfi^ » 


1.2 


jifUi 

2*(C0S 20)” 




l»(COS 0)” 2*(C0S 20)” * 3*(C0S36)« 

These integrations being repeated, we shall arrive at the two 
following expressions : 




(log 


~ X + X ^ X^+S ^ ^ I « 

I*^(cOS 0)” 2*^(C0S 20)” 3^^(COS30)^ 






1.2.. 2^ + 


+&:c.c 

1 * 1,2.. 2« — I Zitt ’ : 


zhn ' 


ff— a? 


*— I 


2 —2 
JP mmmt PI* 


f 


*3— « 3 


i**+'(cos 0) “ a^*+*(cos a0)"~ 3 ®*+*(cos 0)« 


&C. 


It now becomes necessary, to determine the value of 
which is equal to twice the sum of the series we are investi- 
gating ; for if a: = 1 

a a I a .. 

C , =s — r 1 -4 — &C. 

2R,n i*»(cos 0 )” a**(cos 20)“ 3 ®*(cos 30)" 

Fortius purpose put in the first of the equations (2,3) j:=: 
cos S •+■ t/— 1 sin $, then the series on the right hand is equal 
^at«— j’ determining the equation of 

finite differences. 
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In order to integrate this equation, let us suppose ^ to 

represent the co-efficient of r®* in the developement of -"y 
where 
then 


« (/*) 1 -I* Ar* *1- -j- Cv^ -4- &c« 

- 1 + * 6 ,,+ &C. 


(«0“ “ ■ 2,w • ' 4,n 

If this be multiplied by ar, it becomes 

— 1 “ 1 “ ^ ^ " 1 “ T^C * 4 " T^Cf- " 4 - 
I * Zj« ' 4»» ' ' 

r® A 4- + r*Ac 

* 2,n ■ 4,» 


/B + /Be 
+ r‘C 


2>» 


1.2 . 


I 4- &c — c 

*"1“ ,.,.,.1 — 2fc»— I 


But the co-efficient of in this series is equal to e.j, ^ ^ 
hence 

e T 4- A.e * —4— Be ▼ —4“ $cc* sss e * 

2J,M • 2i — 2,n~ 2fe — 4,M~ 26, n — I 

This equation will become the one in question, if we make 

A==t^-.l>:B===(gi^*C = l^ &c. 

1.2 1.2,34 

This produces 

‘ 1.2 2A~2>« * I.2.3.4 2^ — 4,W 

We have now only to determine the form of f(r), and this 
may be easily accomplished since the values of e^^ ^ are known ; 
for if we put » = 0 

f(r) = I + + r‘c^^+ + &c. 

= 1 + sr*S + sr*S + s;*S + 8tc. 

Therefore is equal to the co-efficient of r** in the deve- 
lopement of 

I +2r*S ~ 4 zr*S ~ 4 &c. 

I “ 

(COS r 0 >* 

Or if (cos rS)~”ss 1 + A;^fl*/4- BW+ C fiV'-j- &c. then 
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■ A I Am dbl 1 T^f aa it ^ I a 6 r< ^ ^ 


‘^.U= “S -^ + + sc rs^ + 

The quantity ^ may now be considered as completely 
determined, since it only depends on the co-efficients of (cos 6)“”, 

and the series marked by S^, both which quantities are 
known ; the latter being given by the powers of ir and numbers 
of Bernouilli, whilst the values of the former in functions 
of n are given by Legendre, in his Exercise de Calcul Inte- 
gral, vol. iii. art. 149, 155. 

In (2,3) let a: = 1, and we have 

‘ ‘ ■ * '' (S.4) 


Lc - 
2 ‘'zhn 


' I**(COS fl)“ 2*‘{COS 2fl)® 3*('C0S 30)’* 

And if we put x = in the other series, it becomes 

2 i.z,.zk—i z,n‘ ' 1.2.3 zk—Zftt'^ zkini 

sin 0 sin 20 , sin 3O o / \ 

■«— &c. (2,5) 


&C. 


lf»i 


i*^+*{cos6)" 2^^'^*(cos20)* 3 ®^+*{cos 39) 

1 this series becomes 

tan 0 tan 20 , tan 38 


,2A+1 


t^k+l 


+ 


,24+1 


&C. 


{ 2 , 6 ) 


The series (2,4) may be changed into another, which con- 
tains sines both in the numerator and the denominator, for 
it is equal to 


Lc : 

2 ‘'24, Jl 


"i*^\sin 6. cos?/ 






1 


smi 
sin s 


\n I j 

f sin zfi \« 

t I / 


^sin 26. cos 20/ 


since sin 6. cos S =s 

i sin s 

\« I , 

/sin 2OIK , I 

/sin 30\ 

)) 

[sin40| 

[sin 60 / 


sin 3O 


sin cos 3O 


•&C. 


&c. (3,7) 


By applying the theorems [a),{b), (t:), and {d) to the series 
whose sums wejiave now investigated, we shall arrive at the 
value of many others which contain the powers of tangents 
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and co-tangents in arithmetical progression, thus ( 1 ,9) com- 
bined with (a) will produce 

if I 7 (sin 6)** ( 8 in 2 fl)^* . (51036)** ^ 

1 * 1*2 * i (cos 0)« (cos (cos 39)» 

But the left side of this equation is equal to f (i — i)* = o. 
Hence 

0 = I (^»° 36)'^^ o\ 

(cos 0)" (cos 20)« * (cos 36)* * S > / 

And if M = a,k, this produces a series of tangents 

0 =s (tan 6 )*^ — (tan -f- (tan $ 6 )^ — &c. (^> 9 ) 

By means of the theorems already referred to, we may in- 
troduce into the numerators of each term of the series (3,4) 
the even powers of the sines of the same arcs whose co-sines 
occur in the denominator : putting / = ^ > we shall have 

* /c — ic, .^y=}.c . — &c. ]=; 

2 \ zk^n 1 zkiU^z^ 1.2 2fe«— 4 j 

— (sin 9 )*^ (sin 26)*^ (an ^ &f. r -3 i ^ 

J®*(COS fl)* 3 *^(C 0 S "f" 3«(C0S 36)" * I OJ 7 

And if n = 2/, this becomes 




!lc 4- ~ 

I zkyZl^Z^ 1.2 


"2jfe,2i:--4 


&c. I 


+ (3.S) 

If we call the sum of the series (2,5) and if we apply 
to it the formula ( V), we shall have 


A, - 


(sin (sin z6)^^+ * . (sin ^ 

j2fe+ i^cos6)” *(cos 28F 3*^"^ *(cos 36)® 

And if » = s/ -f 1, this becomes 

«'<=• = 

(tan 8)2^* (tan , (tan 38)^^+^ _ 


— &c. 


jafe+i 


( 3 > 4 ) 


M m 


MDCCOXIX. 
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In the equation (1,4) if we make = tan“'‘x, we shall find 
(— a) (— 1) S (— 1) I tan V +tan — 




*+x~ 




4. i(cos6)» 3 (cos 3®)* ' 5 (cos 56)* 

If the integrations here indicated are performed, it will be 
found that all the constants vanish, and ultimately that 

2 i(cos fl)* 3{cos 3®)“ > 5(cos s®)*' 

Ifx=l 


&C. 


sr 

T 


+ 


, — &c. 


i(cos fi)“ 3(cos 38)® 5(cos 5®)® 
djc 

If we multiply (3,5) by - and integrate, we have 


(3.5) 

( 3 . 6 ) 


'*’1 P ^ ^ I 


&c. (3,7) 


i*(cos6)« 3®(cos 38)^ » 5 *(cos58>‘ 

If x = 1 C =s 0, let X = cos d' + 1 sin S', then we have 

^ ~ sip 3^^ t sin 

"T ~ “ ~ 


— &c. 


i*(cosfl)® 3(cos3®)» * 5(cos5®)® ( 3 ,S) 

The equation (3,7) may be multiplied any number of times by 
^ , and integrated; and the constants thus introduced may be 
determined in the same manner as those of the equations (8,3); 
these operations will give the values of series of the following 
form ; 


x+uT 


r3-fa?"^3 




^2k + 3^^+*(cos 38)" 5^^+* (cos 56)'* 

x3- 


&c, 




3®\cos 3®) 




5®^cos 5® 


8ec. 


«)® 

Numerous other series might be found by satisfying the equa- 
tion ^'X -f 4 = 1, whose sums would be given by this pro- 

cess ; and if instead of putting-^ for x, we had substituted etx 
for X* where ijte function « is determined by the equation 
^*xasx, many others would be disoovered. This artifice is 
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only a particular case of a much more general principle, which 
is of use in discovering certain values of the variable, in which 
a series admits of summation, but which generally is not 
expressible in finite terms. The principle is as follows : let 
K denote any operation, such as integration, either with respect 
to differential or finite differences, or any other operation, pro- 
vided only K(X+ T) = KX-f- KT Now let 
K4'a?= AjO: -f- A^a:*-f- 

Put aXf a*x , . . . for X, and the results will be 
K^eeX = AjflMI? + A^ctaf + 

ST Aj«*a? “1“ Aj«*a?*“|“ A^c?a? -J- 
&c. &c. 

K^-'x = A,a"-*x + A^a"- V+ Aj*”- V+ 
By adding all these together, we shall have + ^/co: -|- 
&c. equal to a series who?e general term is 

A^|x -h j . Now supposing we can- 

not perform the operation denoted by K on the function -^x, 
yet if 4^ is of such a form that ^x -f- -f &c. -J- is 

equal to a function on which the operation K can he executed, 
then calling this new function we shall have 

— SA. I x’-|- 

And if « is such a function that a*x = x, a great variety of 
forms for ij/ may be found, which will satisfy that con(htion. 
Now let X be determined by the equation x=etXy and r being 
any root of this, we have r = «r = »V= & as «**“*/■. 
Consequently our equation becotnes 
K4'jX = »SAr*s=: A^r-j- A^r*-f A^'’®+ A^r*-4- &c.| 
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provided we put r for x after the operation K is executed ; 
that is, we have found the values of the series 

in the particular cases of x which satisfy the equation ctx=sw. 

Part II. 

I shall now explain another method of deducing the sums 
of a variety of series, which comprehend amongst them all 
those which are contained in the former part of this paper ; 
it rests fundamentally on the following formulae, which have 
long been known : 

0 = s*»+ 3*"-- + &c. 

f =s: cos — COS aS + cos 3d — &c. 

1 = cos d + COS ad -|- cos 3d + &;c. 

&c. 

It is unnecessary to give proofs of these and other similar 
ones which have been frequently noticed, as they may be very 
easily demonstrated. 

Let fr be any function of x developeable in even powers 
of X, then f(a?) = A + Ca:*+ &c. 

Divide both sides by then it becomes 

“i” + K -{- Lz®-1- hfx* 4 - &c. 

For X, put successively lar, aa?, 3^?, 4®, &c, and let the alter- 
nate series be taken negatively ; these being arranged under 
each other, we have 

+ + &c. -i- K -f- 
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f = + 7^ + + &c. + K + Lj:'3‘+ Mx‘3‘+ 

= &c. -K_Lx-4*- MA‘- 

&c. &c. 6cc. 

If we add the vertical columns, we shall have on the left side 
of the equation the series 

I 5 f(*) f(2x} f(3*) f(4r) I 7 

2 «* -T T ]■ 


and the right side of the equation consists of three kinds of 
terms, those which contain negative powers of a?, one which 
does not contain x, and the remaining ones which contain 
positive powers of x. With respect to these last, they are all 
of tile form Qo?*' 1 1®'— s®*-!" 3*‘*~ 4“'4’ &c.| ; and as the series 
which multiplies Qa?®* is equal to zero, all those vertical columns 
which contain even powers of x will vanish : the term which 
is independent on x is 

K — K + K— K + &c.=:^K 
and those terms which contain negative powers of x, may be 

< 4*1 

represented by the expression S ^ . All the vertical columns 
being summed, we shall have the equation 


f(jg) ___ f(2x) , %£) 


&c. = AS 


+ BS-^ + 


+ CS-^+«“- + 4K (A) 


As the operations by which we have arrived at this expres- 
sion have been given at length, it will be unnecessary to 
repeat them with the slight modifications which would ^e 
required for cases nearly sinnlaf. Thus, if we suppose the 
function iw developeable according to the odd powers of 
X, and if we divide both sides of the equation by a?**'+* and 
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repeat the same process we have already explained, we shall 
arrive at the following theorem : 

fC*) ____ f(33ll) t ___ I gjQ _ 

j2jt+i ^afe+i “ 32*:+ 1 42^+1 ~ 

= AxSi;+Bx=S-^ + &c.+iK (B) 

Let f(fl) be any function of fl developeable in the form 

f(0) == A + B cos 6 + C cos 20 4“ cos 30 &c. 
a very similar process to that which has been already explained 
will give the 

f(«)-f(*fl) + f(39)-&c.=5^’ (q 

and if f(0) = A cos 0 + B cos 20 + 0 cos 30 &c. a similar 

course will produce the equation 


f(0) + f(20) + fC30) + &c. = - i f(o) (D) 

If a function is developeable in even powers of z, then its 
second function is developeable in the same manner, and so 
are all its higher functions ; therefore if f, and f are two func- 
tions developeable in even powers of s, such that 
fr = A'+ BV-f. C'x^4. &c. 
f,f **ji ss A "h Bx"4* CaJ* 4» &c. 

Then (A) will become 




pa- 


5a!*)+£^)_&oc. 


AS- 




a»i 

-l-BS- 


±i 


,2*. 


- + &c. Hh f K 


(E) 


These theorems marked (A), (B), (C), and (D), although 
^ they possess a very great degree of generality, are not entirely 
without restriction; it appears at first sight that they are 
applicable to a// functions which have the prescribed condi- 
tasn of being expansible in even powers of the variable ; such 
was my opin^n of them when I first discovered them ; but 
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several results which were evidently incorrect, soon convinced 
me that some limitation existed, of whose nature I was not 
aware : it was not until some years after, that I found out 
the cause of the fallacies which had perplexed me ; and still 
more recently, I discovered that the series on whose sum their 
truth or falsehood depended, might be expressed by a definite 
integral. By applying the criterion, which I shall presently 
explain, we cut off a great variety of series whose suras are 
erroneously given by the method in question ; whether this 
criterion does not exclude some series whose sums are cor- 
rectly given, is a point which I do not consider yet completely 
decided ; the difficulties to which the application of acknow- 
ledged principles have in this instance conducted us, appear 
worthy of the attention of mathematicians. A more strict 
method might have been pursued in determining the sum of 
that part of the series which is neglected ; but this in general 
leads to such differential equations, as cannot afford us much 
assistance. I have, however, given one example of this 
method, and I have shown that when the part which had been 
neglected, as being apparently equal to zero (but which is in 
fact a finite quantity,) is added to the sum furnished by the 
method of expanding horizontally and summing vertically ^ the true 
value of the series results. This confirms the explanation I 
have given of the reason of the apparent failure of that 
method. 

It will be sufficient to point out the cause which leads to 
error, and to determine the conditions on which its existence 
depends for one only of the series ; suitable modificafions of 
the reasoning will readily suggest themselves for the others. 
I shall therefore, at present, consider the theorem (A). If 
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we turn to the process employed in its investigation, we may 
remark, that the vertical column Lc* (i® — a®+ 3*— 4“4- &c,) 
has been neglected, because the series which enters into it as 
a factor is equal to zero ; so also the vertical column Ma:® (1® — 
&c.) is neglected for the same reason, and similarly 
for all the remaining vertical columns. Now, although it 
would be perfectly correct to omit any one, or even any finite 
number of these vertical columns, as being multiplied by a 
factor equal to zero, yet it is not legitimate to neglect an 
infinite number of terras, each multiplied by zero, unless it 
can be proved that the sura of all the terms so multiplied is 
not an infinite quantity : this, then, is the latent cause of the 
false results at which I arrived at the commencement of these 
enqmries. I shall now explain how they may be obviated, or 
rather how to assign the condition on which the truth of the 
theorems just deduced depend. We have considered the 
series of terms 

Lr* 2*4. &c.) + 2*+ 3*— &c.) + 

+ Mz* ( 1®— a*-|- 3*— &cc. ) -f- 
as equal to zero. Any one of the series which here multiply 
the powers of x, may be considered as arising from the series 

2®y+ 3*"^“}- &C. 

Wheny = i, call this series K„(y), and instead of making 
y = 1, let y = 1 -j- 0, which differs from unity by the infinitely 
small quantity o ; then we shall have 

K„( 1 + o) = r + c Q 4. r „o*+ &c. 

Where 

C, „=SS 0 a= X®*— &C. I®” + * — ' 4 3*"+ * — &c 

hy*sahstitutjng this value of K,( 1 4 o) in the series viPe had 
negleet^, we shall find 
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+ 0 See.} 

+ 0®|!L2J*^:j^,+ &c. I 

+ o 8 jLxV 4 ^,+ ^^^*^ 4,3 + &C.} 

-f- &c. &c. 

The first line vanishes on account of the value of and 
since o is an infinitesimal, the second line will be larger than 
the sum of all the rest, provided the miiltiplicators of the 
powers of o are finite ; if therefore the series 
+ Nx*^2,3+ &c. is finite since it is multiplied by o, we may 
neglect the whole of the above expression: our next step 
must be to determine whether the series 

i3 — g3»_ &c. j Mx*| 1 * — 8*4-3'““ | 4" 

4“ Na?*| 1* — s’ 4" S^”" I 4“ &c. 

is finite or infinite. It has been observed by Euler, that the 
following relations exist between the direct and reciprocal 
powers of the natural numbers. 

i_a + 3 — 4 + &C. = + s-^[l+ -jj + ^ + 8 cc. } 
,3_ ,3+ 33_ ^3+ &c. = - a { 1 + i + i + See. } 

1*— a’ 4 - 8 * — 4’+ 2 *^ = + a 1 -i, &c. J 

1'— a’+3’-4,'+&c. = — a 2 ^{i + i + i + 8 tc. } 
&c. &c; 


These latter being substituted for their equals, we have 

- aLz‘i^(f. + i + ?+«“•) + + 7 + 

4* "jt j » aNa?*^^|-^ 4* ^ 4" 4“ j 4“ 

The series which now multiplies each term is in all cases 

■Nn 


MDCCCXIX. 
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less than 2, consequently this expression will be finite or in- 
finite, according as the series. 

- Lc* 4 - + &c. 

is so or the contrary : the product may be expressed 
by means of a definite integral, thus : 

i.s...n=fdv}os}f ["=;] 

These products being replaced by the integral, we have 

^/*logi.{-L(i log i)- + M(i logi-)*- N(-i log ■i)‘+ &C.} 

Now in order to determine the sum of this series, which evi- 
dently depends on the function f(x), let us assume 

then we have 

) — Lx*-}“ Ma?*-}- Ni**!" &c. 

And if we put log ^ instead of x, it becomes 

t1 = - Mt '“S i]‘+ M(t log 7r-N(v log-i-)‘+ to. 

And the sum of the series in question is 

If therefore this definite integral is finite, the theorem (A) 
will give correct results. A more convenient form for inte- 
gration may however be obtained by the following conside- 
ration; the series 

L-f .1.3.3 -I- M-J i...5-(- N 1...7 + &c. 
will always be finite, if the following series 

A4*B |~|*i. 3.3-|- C |~| 1.2. .7 *j" 

is fiifite* because this series when prolonged to the terms 
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Sec. will have its terms each greater than 
the corresponding terms of the other series. Now this series 
is equal to 

/*f( 2 ^ 1 og-^) [’ = ;] (F) 

I shall now apply some o£ the theorems to the investigation 
of the sums of series, and then explain a method which (when 
the equations to which it leads can be solved) will in all cases 
render them correct.. And first let f(§) =.(cos S)"= (i— ^ + 
.Yjjj “* &c.)" this series is capable of being expanded into 
another, which also proceeds according to the even powers 
of 6 ; first let A = o, then comparing this with (A), we have 
i = ( cos 6 )” — (cos 2$)“ -f (cos &c. (3,9 ) 

Let us now examine if the definite integral is finite, it is in this 


case. 


fdz,(cos^' log S j”:=: fdv, 


-ll 1 

““v V 



=>(’ 4 ^ )• 

1^1 I n I I «.«— I I 

, «r,:' , w 

If n is a, whole positive number; we already know that the 
series (3,9) is correct; if» is a fraction the series which ex- 
presses the value of the definite integral is finite for all values 
of except such as are contmned in ^ 4= •ir f |>emg atty 

■whole nnhuljer; if » is negative, theh’i^e'tife^ieis is fiinte for all 
positive values of i ; it appears then that whatever be the 
value of » if$ is ^sifiVe; .we h 


"j“ &c. 


Ks:] 
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2 “ (cos 6)* (cos 20)» » (cos 3O)" 

From the theorem (A) we may readily determine the value 
of the series 

* ^ ^ 4. __J &c. 

l**(COS d)" 2^^(C0S 20)“ ~ 3’‘^(COS 30)" 

For let f(5 ) = = A'+ A' B 6*+ C &c. 

And the sum of the series required will be 

+ A' 5*S + B' + &c. + . I- 

Which is precisely the same sum as we have already found 
in (2,4), except that we now find that it applies to fractional 
or surd values of n, as well as to whole numbers. 

Let us next suppose f(fl) =!: (tan 0)*^+*= 

+ &c. this give the series 

(tan fi)*^+* _(tans9)2^+‘ , (tan 39)*^+* _ 

j2*+i ' 3*^ + * 

= + T39>S-;j^ + 8ec. 

The definite integral in this case being 




% «*Ha jj, «■■■• 

Since -Lt” ^ =3 A -f- Bp *" 4. Cp *■ + &c. this is always finite 

if $ is positive, because it is less than A •+■ B 4 " C + &c. which 
is leqpal to zero. 

In the former part we could only determine the value of 
the series 
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I 

(sin 6)* 


(sin * (sin 36) 


See. 


when n is an even number, nor will the method now em- 
ployed enable us to find its value when n is odd ; the reason 
of this is that 


(sin 0)”"= (4 



fl’ 

1 . 2 . 34-5 



is developable in a series proceeding according to the even 
powers of 6 only when n is an even number, if n is odd, it 
proceeds according to the' odd powers. 

The theorems contained in this second part are applicable 
to a very extensive class- of series which have not, I believe, 
yet been considered. In (A) let f(5) ss cos* d =3 cos (cos e) 
and putting kz= owe have 


= cos* 6 — cos* a9 + cos* 36 — &c. ( 4 , 1 ) 

The definite integral which is the criterion of the truth of this 
value, is 


fdv cos 


v* + v ’ 
'2 


A + 


-^ + 

V 

, 6 

&c< 


1 + 2 - 


1 + 6 - 

w 


+ 



D 

4- &c, 


V 


1 — 6 ^ 




And this is always finite unless 6 is an even submultiple of «■ ; 
if we make ^ = 1 and ^ = s, we shall have the following 
theorems, which are true with the same restrictions. 


COS 1 . 



sin 1 


i! 

2 


cos ^6 cos I cos *36 

ja T 


&c. 




cos 1. 


S$+ 


Cos *8 
' *♦ ' 


, sin 1 g dbi &♦/ sini 
a ® i*"” Tl 1.2.34 
cos *38 


+ t) 


cos *26 


— ^ &C. (4,3 

If f(d) == (cos *5)", since this is capable of being developed 
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in a series proceeding according to the even powers of 6 , we 
shall have if ^ = o 


= (cos (cos »a6)"+ (cos &c. (4,4,) 

and the definite integral is finite in this case, whenever 6 and 
TT are incommensurable : we may therefore in the same cir- 
cumstance have the value of the series 


(cos (cos "26)"* , (cos ”30)'” 

^ 


8 cc. 


The theorems marked (A) and (B) in this paper correspond 

with that marked (is) in Mr. Herschel’s memoir “ On various 

points of Analysis,” printed in the Philosophical Transactions 

for 1814; with the first of these it coincides when n is an even 

number, and with the second when it is an odd one : the 

theorem alluded to is 
/ 

I)* + * 




'}■ 


where '1= 1 — 1 -f 1 — &c. = | **L(2) 


-L(s). 


1.2 , 


. 2 X 


B. 


2»-— .1 


Now this latter expression is the value of those series which 
I have expressed by S^. Both methods give the same result, 
and as that resiilt is very frequently erroneous, I shall con- 
firm the truth of the explanation I have offered, by shewing 
in a particular case, that if the sum of that part of the series 
which had been neglected as being equal to zero, is found 
and added to the other part, the result will no longer be 
erroneous : the example 1 shall examine is the series 
_J j i L_ 4. &c 

Ih Mr. Herschel’s theorem, making f(e') =s tg^t 4* -f 

we have a^sa 1, and the equation becomes 
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1 4-*0v'— 

“T+>0* 


•I I — a:9\/ — I 

I + 


or S(— i) 






2 

i 


i] 




or 


2 “ r+fi* 1+2*6* 1 + 3*6* (4!>4) 

The same series being summed by the theorem (A) in this 
paper gives the same result ; but then the theorem alluded to 
only declares this to be the true value in case a certain series 
is finite, which series is 

' + 6*.i.2.3.4.5 -f" ^“•i*2-.7 + 

but this series can only be finite when & is actually equal to 
zero : the method which I have explained in this paper points 
out that the equation 

L_4- 

can only be depended on when fl = o, in that case it is known 
to be correct. I have already stated that the reason why the 
value of the series so found is incorrect, is that the series 
_e*(i*_-s*4. &c,)+ &c.)— s“+ See.) + &c. 

has been neglected because the coefficient of each term is 
zero. I shall now proceed to invev-.tigate the sum of this series, 
and shall prove that it is equal to a finite function of 6 : let 
y =:c*(iV-- .aV'+ &c.) 4- sV^+ &c.) + &c. 

then y is equal to the sum of the series whose value we are 
seeking ; if t:= 6 ^ — i and j:s= o, differentiatey twice relative 
to cPj and multiply by c*, and we find 
c*-^^s=s c^(iV — 4* a*6®*4" Hh 

Hence the equation for determining y is 


c* — y s=3 •— 2*e**4* 



(!+•*)* 


And the value of y is 
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X X 

i 

S 




7 T 


S X 

•6 




} 


These integrals must be taken between the limits x =: — oo 
and Xi=zo, putting s*= v this equation is changed into 

where the limits of v are » = o = i, in the latter integral 
put I* = ■—> aiid we have 

I 

but this is equal to ^ v^J v ^ dv between the limits 
t? = 0 and 0 = 00, which is equal to hence 

^ flr 


x^sm - 
c 


2c sm- 


= d{ 1*— a*+ &c.) 4 * 2^-f. &c.) + 

c 4 * a* 4 - &c.) 4 - &c. 

If c= we have 


““ ■ '«"i ~ ®*4“ 4* ®*4“ 

® f Zf I (i* — *‘4* 4- &c. 

This being added to |> the value given by the theorem ( Aj 
produces 

i r «• » j ~ r+F i + 3 *fl» i+ 3 »fl* 1 + 4 * 8 * 4 * 

n.'_7j 

which is the same value that Euler had assigned to this 
series. 

From the value which has been found fory, or for the series 

a‘4- &c.) 4- a*4“ &c.) 4 * &c. 

I ai»‘hJdined to cohclude that although the series i*»-. 8*»4- 
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3®” — &c. is equal to zero' for any finite value of n, yet that 
when n is infinite, the sum of this series is also infinite. 

It was my intention to have produced from several of the 
series whose sums have been found in this Paper, the values 
of several continued products ; but the length to which it 
has already extended will prevent me from more than 
merely noticing,, that many very curious ones will present 
themselves by integrating the series whose sums have been 
given. - ’ ■ 

Since this Paper was written, in a conversation with M. 
Poisson, I mentioned one of the series which it contained, and 
remarked, that the principle employed led to many erroneous 
results ; that gentleman observed, that many years before he 
had been led to series nearly similar, in endeavouring to inte- 
grate the equations representing the planetary motions, by 
means of series arranged according to some other functions 
of the time than the usual ones of the sines and cosines : he 
obligingly showed me some of his papers relating to this sub- 
ject, in one of which was a series which in a particular case 
became the one I had mentioned ; the mode of investigation 
by which he had arrived at these series he had however laid 
aside, because it rested on the sums of the diverging series 
— See. on which he observed we cannot depend. 
To the same distinguished analyst I am indebted for some 
farther information on this subject. M. Poisson was one of 
the commissioners appointed by the Institute of France to 
examine the manuscripts which were left by Lagrange, 
amongst these was one entitled “ a method of summing 
series,” which depended on the values of the same diverging 
MDCCCXIX.- O o 
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series as those used by M. Poisson and myself; unfortunately 
it is very short, and its illustrious author does not appear to 
have resumed the subject: possibly the erroneous values 
which it gives for the sum of certain series might have 
caused him to reject it. 

C. BABBAGE. 


March 25, 1819. 
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XIX. On the optical and physical properties of Tabasheer. 
David Brews ter, LL,D. F. R. S, Lond. and Edin. In a 
Letter to the Right Hon. Sir Joseph Banks, Bart. G. C. B. 
P. R. S. &c. &c. &c. 

Read May 6 , i8ig. 

\ 

My Dear Sir, 

The substance cklled Tabasheer, has been long used as a 
medicine in Turkey, Syria, Arabia, and Hindostan. It was 
first made generally known in Europe by Dr. Patrick 
Russell, who published in the Philosophical Transactions, for 
1790, a very interesting account of its natural history, and of 
the procesjs by which it seems to be formed. From his en- 
quiries it appears, that this substance is found in the cavities 
of the bamboo, the Arundo bambos of Linn^us ; and that it 
exists originally in the state of a transparent fluid, which ac- 
quires by degrees the consistency of a mucilage resembling 
honey, and is afterwards converted by gradual induration 
into a white solid, called Tabasheer. From the analysis of 
Mr. Macie (now Mr. Smithson), it appeared to be*‘ perfectly 
identical with common siliceous earth.”* 

The celebrated traveller M. Humboldt, discovered the 
same substance in the bamboos which grow to the west of 
Pinchincha,in South America, and a portion of what he brought 
to Europe in 1804, was analyzed by Fourcroy and Vaujjuelin, 
who found it to consist of 70 parts of silex, and 30 of potash 
and lime.-f 

* See PbSosopbical Transactions for i79i> p< 368. 
f M4iiu>ins de PInstiiut, Tom. n. p. jSz; 
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About two years ago my friend, Dr. Kennedy, received 
from India, a considerable quantity of tabashcer, a portion of 
which he presented to the Royal Society of Edinburgh. From 
this portion I took two or three fragments, with the view of as- 
certaining if it possessed any crystalline structure, but having 
found that it had no particular action upon polarised light, I 
was not led to any .farther examination of its physical pro- 
perties. In the course, however, of a series of experiments 
upon the phosphorescence of minerals, I was surprised to 
observe, that the tabasheer emitted a light when placed upon 
a hot iron, more intense than most of the phosphorescent 
minerals. This unexpected property induced me to resume 
the investigation, and having received, through the kindness 
of Dr. Kennedy, an additional supply of tabasheer, I was 
enabled to examine it with peculiar care in all its optical and 
physical relations. 

Among the pieces of tabasheer which I have examined, 
there appear to be three different kinds. The first has a 
milky transparency, transmitting yellowish^wA reflecting a 
bluish white light. It iS easily broken between the fingers, 
and has a sort of aerial -and unsubstantial texture, entirely 
different from any other solid substance. The second kind 
is more opaque, and harder than the first, having a slight 
degree of translucency at the edges ; and the third land is 
pcarfectly opaque, resembling a piece of stucco or chalk, or 
the opaque subsulphate of alumine. 

If we form two parallel faces upon a piece of transparent 
tabasheer, by grinding it on a plate of smooth but unpolished 
gk8iS, 'we shall be able to see objects through it with perfect 
distinctaess*‘although no polish is induced upon the surfaces. 
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By slightly wetting the tahasheer, it Joses all its transpa^ 
rency, and assumes the appearance of a piece of chalk ; but 
if we immerse it in water a great quantity of gas is disen- 
gaged, the edges become more transparent than before, and 
a small white ball appears in the centre, which gradually 
diminishes till the transparency has extended itself through- 
out the whole mass. The same effect takes place with the 
second kind of tahasheer ; but the third kind, though it dis- 
engages gas like the rest, never loses its chalky opacity. 

The property of becoming more transparent by the expul- 
sion of air and the absorption of water, is one which the 
tahasheer possesses in common with hydrophanous opal;’ 
but the faculty of retaining a considerable degree of transpa- 
rency when it is dry, and its pores filled with air ; and the 
still more extraordinary faculty of becoming quite opaque by 
the absorption of a small quantity of water, are possessed by 
no other known substance in nature, and indicate a singula- 
rity of structure W'hich it becomes interesting to investigate. 
When the pores of hydrophane are filled with air, the differ- 
ence between the refractive power of the air and the solid 
substance is so great, that the light is scattered in every 
direction by refraction, and the mass is consequently white 
and opaque. As the tahasheer disengages a much greater 
quantity of air than the hydrophane, its pores must be more 
numerous, and therefore the transmission of the light, so as 
to form a perfect image, indicates either an extreme feeble- 
ness of refractive power, dr some singularity in the form and 
construction of the pores themselves. 

In order to determine this, I formed a prism of tahasheer, 
and upon measuring its refractive power, I found it to be 
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extremely low, and to vary in different specimens, as stated 


the following table. 


Index of Refraction. 

Transparent tabasheer from Vellore* 

1.1115 

Transparent tabasheer from Nagpore 

1.1454# 

Another specimen of the same 

1.150$ 

A third specimen of the same 

1-1535 

A harder and more opaque specimen. 

1.1825 

Water - . - 

1.3358 

Flint glass - > - 

1.600 

Sulphur _ - - 

S.115 

Phosphorus , - - 

2.224 

.Diamond - - - 

3-470 


Hence it follows, that tabasheer has a lower refractive power 
than all other bodies, whether solid or fluid ; and that it 
holds an intermediate place between water and the gases. 
This extraordinary result which, as it were, insulates taba- 
sheer from all known substances, will enable us to give an 
explanation of some of- its most remarkable properties. 

The angular nafiitre of this substance will appear in a 
stUl more , striking point of ’dew, by comparing its absolute 
refracting power with that of other bodies. The low refrac- 
tive power of air, when contrasted with that of water, and 
of water when contrasted with that of solid bodies, obviously 
arises from the great difference of their specific gravities, and 
not from any peculiar action upon light. If we call R the 

• This specimen, with which I was favoured by Dr. Hope, formed part of the 
tabasheer sent by Dr. Patrick Rosseul to the Royal Sodety, in 1790, It was 
by leSe^ so extresady tender, that I was obliged to polish it 
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absolute refractive power of any body, m its index of refrac- 
tion, and S its specific gravity, we shall have R 

By means of this formula I have computed the following 
table, for the purpose of showing the peculiar nature of taba- 
sheer, and the general progression in the absolute refractive 
powers of other bodies. 

TABLEy showing the absolute r^ractive powers of tabasheer and 

other bodies. 

Tabasheer • - 976.1* 

Sulphate of barytes 3829.43 
Air, - - Biot 4530. 

• A distinguished member of the Royal Society, whose opinion is entitled to the 
Wghest consideration, has kindly stated to me, that in estimating the absolute refirac- 
dre power of tabasheer, I should have taken its specific gravity at about 0.66 in place 
of 2.4, which would have given an absolute refractive power not so marvellously dif- 
ferent from that of other bodies* 

My reason for retaining the original number of 976.x, is, that the result obtained by 
using a specific graidty of 0.66 would have been a tbemiical^ ani net an experimental 
result. A body which sinks in water must have a density greater than unity ; and I 
am supported by the high authority of Mr. Cavendish, and also by that of Mr. 
StfiTHSOK> in considering the specific gravity of tabasheer as nearly 2.412. Capillary 
spaces which are so large as to contain water, and even the thickest oils and varnishes, 
can never be regarded as fomung a part of the body, though, in the present case, it 
is highly probable that these spaces modify the action of the solid particles in the 
manner which I have described. 

Although the idea that tabasheer is quartz expanded till its specific gravity is re- 
duced to about 0.66, holds out a sort of general explanation of its singular properties $ 
yet when we consider that hyiropbane^ which is also quartz expanded till it is capable 
of absorbing water, is actually opaquei and when we recollect also that the refractive 
power of bodies does not always diminish when they expand, as is proved by the ex- 
periments of AtBaav EuLaa on heated ghlssrand by the circumstance that the point 
of maximum density in water is not indicated by a maximum of refractive power, its 
optical properties must continae to appear as xnarveUous as boEbie. 
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Quartz, - Malus 54!i4*57 
Calcareous spar, Malus 6423.5 


Flint glass, lowest 7238. 

Ruby - 7388.8 

Brazilian topaz - 7586.7 

Water, - Malus 7845,7 
Flint glass, highest 8735. 

Carbonate of potash 10227. 

Chromate of lead 10436. 

Nitre - 11962. 

Muriate of soda - 12086. 

Bees wax, - Malus 13308.1 
Diamond, - Malus 13964.5 
Sulphur - - 22000. 

Phosphorus - 28857. 

Hydrogen - 29964. 

— - 31862. 


It appears from the preceding table, that fabasheer, which 
was placed between water and air, in the comparison of their 
indices of re/raction, is now not only the lowest of all sub- 
stan<»s in its absolute refractive power, but it is so extremely 
low as to be separated by a great interval from them all. 
The very high refractive power of sulphur, phosphorus and 
hydrogen, and the great interval between diamond and sul- 
phur are very remarkable, and indicate that hydrogen may 
enter largely into the composition of sulphur and phosphorus. 

I now saturated the prism of tabasheer with water and with 
ml of cassia in succession, and I found that, in the first case, 
ii!$'t«6jactive power was raised to 1.4012 higher than.that of 
wateriiaadw thd’sepcnd cape-ttt 1.64,9$, a little greater than 
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lhat of oil of cassia. The oil communicated to the prism a very- 
yellow tinge, and was retained by it for a very long time. 

Tabasheer readily imbibes all the volatile and fat oils, and 
indeed all the fluids that I have tried. The essential oils are 
quickly absorbed, and with the exception of oil of cassia are 
as quickly evaporated, while the fat oils are slowly drawn in 
and remain a long time in its pores ; and in all these cases an 
opacity is produced by a partial absorption exactly as in the 
case of water. 

When the oils or other fluids have a colour of their own, 
or are tinged with any colouring matter, the tabasheer exhi- 
bits a similar tint, so that it is easy to communicate to it any 
colour that we please. From a solution of acetate of copper, 
it acquires the colour of the emerald ; from any of the oils 
coloured with anchusa root, it receives the tints of the ruby ; 
from oil of beech nut, the colour of the chryso-beryl ; from 
sulphuric acid, that of the pink topaz ; and from malic acid, 
that of the Brazilian topaz. These different colours may be all 
discharged by exposing the tabasheer to a red heat, and thus 
expelling the absorbed fluid to which they owe their origin. 

The opaque tabasheer, which retains its opacity when its 
pores are filled with water, acquires the most beautiful trans- 
parency from the absorption of oil of beech nut; and it is curi- 
ous to observe a substance like chalk, and consisting appa- 
rently of a number of particles in a state of accidental 
aggregation, converted into a transparent mass, which the 
light freely penetrates in every direction. Having saturated 
a large piece of this kind of tabasheer with oil of beech nut, 
coloured with anchusa root, I laid it on a mass of lead of a 
lower temperature than that of the room. The oil instantly 

MDCCCXIX. P p 
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retired from the surface of the tabasheer into its interior, and 
the transparent mass became opaque like a piece of red brick. 
Upon removing it from the lead into its former temperature, 
the oil returned to the surface, and the tabasheer resumed 
its transparency. If, on the other hand, we place it in a 
higher temperature than that of the room, a part of the oil 
will be discharged, and when it is brought back to its first 
temperature, it will become opaque like a piece of brick. 
Even when a small part of the oil remains, the transparency 
may be readily restored by the application of a sufficiently 
high degree of heat. The phenomena which have now been 
described admit of a satisfactory explanation from the diffe- 
rence between the expansion of the oil and that of the taba- 
sheer ; but the effect appears to be too great to arise from 
this cause, and I am rather disposed to ascribe it to a varia- 
tion in the capacity of the tabasheer for the oil by a change 
of temperature. 

In order to observe the nature of the penumbral boundary 
which might be guppos^d to separate the opaque from the 
transparent pjupt, if they could he both rendered visible in 
the same mass, I saturated the largest piece of tabasheer 
that I had with the coloured oil, and having discharged a 
good deal of it by heat, it became of course opaque. I 
now held to the flame of a candle one of its extremities, 
which immediately became diaphanous, and the transparency 
gradually pervaded the opaque mass. As soon as the opa- 
city disappeared, I allowed one extremity of it to cool ; the 
tyaijsparency immediately disappeared at that part, and the 
gradually advanced like a black cloud, till the whole 
waMillSiidowedby.^p V^tTCf^t of tlieoU intq the interior of 
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the mass. In both these cases the penumbra, which separated 
the opaque and transparent portions, had a raggedor branch- 
ing appearance when seen by a microscope, as if the oil had 
been shooting into crystals during the progress of the opacity, 
and as if these crystals had been dissolving during its retreat. 

Upon examining the appearance of the tabasheer when it 
had the colour of red brick, after the discharge of a portion 
of its oil, I was surprised to observe a beautiful veined struc- 
ture, exactly like that of the agate, the veins being sometimes 
parallel, sometimes inflected, and sometimes curved. In 
some spedmens the veins were alternately opaque and trans- 
lucent, and in others red and white, as if one set of strata 
had a greater capacity for the oil than the rest. This effect 
is almost universal ; but as soon as the oil is completely 
discharged, the veined structure entirely disappears, and the 
whole mass assumes the homogeneous appearance of chalk. 

In order to observe the drcumstanoes under which the 
chalky tabasheer became transparent by the absorption of 
oils, I cut four plates out of the same piece, and immersed 
them separately in oil of cassia, alcohol, water, and oil of 
beech nut. The plates that had absorbed the three first of 
these flmds remained quite opaque, but the plate that was 
placed in the oil of beech nut gradually acquired a translu- 
cency by the rapid extiicatkm of air. After a certain time 
it appeared to be covered with scratches and small opaque 
portions ; but these appearance, wiuch arose from remaining 
veddes ofair« vanished- by degree. By the apphcatiqb of a 
microscope, I qbserved.the air., form itself into globules in 
the interior of the ,tshiwbeer(,wluch .slowly advanced to the 
edge apd into the oil. After a lapse of 



29s Dr. Brewster on the optical 

nearly two hours the greater part of the air was extricated, 
and the expulsion of the remainder was quickly effected by 
a gentle heat ; but the transparency was of that imperfect 
kind, which results from the union of two bodies of different 
refractive powers. By increasing the heat, the tabasheer 
became more transparent, and at a certain temperature it 
could scarcely be seen in the oil in which it was placed. 
When the heat was still farther augmented, it became more 
and more opaque, and a corresponding opacity was induced 
by cooling it down as much below the temperature of maxi- 
mum transparency. 

When pure tabasheer is boiled for any length of time, or 
is brought to a red or a white heat, it suffers no change 
either in its colour or in its optical and physical properties : 
if we wrap it, however, in a piece of paper, and set the paper 
on fire,the tabasheer becomes either black, or brownish black, 
and the black colour increases in depth by the repetition of 
the experiment. When immersed in water, it disengages 
the included air, but with less^ rapidity than before} and when 
it Is broken and pounded, its fracture and its powder are 
black. 

If the blackened tabasheer is brought to a red heat, it is 
restored to its primitive whiteness, and resumes all its former 
properties ; but if the heat is considerably below redness, some 
specimens acquire a slight transparency, and a dark slaty 
blue colour, shading in some places into whiteness. When 
slightly wetted in tWs state, it becomes chalky white ; with a 
portion of water it becomes black j and with a still 
hecocqes again transparent. If we brOak 
at tlays it has received a deep 
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black tint, we shall find that it has often a fine ash grey 
colour, which becomes deeply black when wetted, and after- 
wards resumes its primitive tint when dry. 

As the blackness communicated to the tabasheer is not 
produced by heat alone, or by any particular method of 
cooling, it cannot arise from any mechanical change, similar 
to that which Thenard observed in the cooling of melted 
phosphorus ; and there is reason to believe that it does not 
arise from the absorption of any sooty matter thrown oflp dur- 
ing the combustion of the paper, as the blackened tabasheer 
almost always recovers a certain degree of whiteness, and 
imbibes water almost as freely as in its original state. With 
the view of discovering if the blackness was owing to any 
vegetable matter in the tabasheer, I repeated the operation 
of blackening it and restoring its colour by heat about 50 
times; but after all these operations, it .became black as 
readily as at first. The specimen that had undergone these 
changes had increased in hardness and lustre, and had the 
appearance of the finest Indian ink. Upon breaking it in 
two, the fracture was perfectly black, but assumed a dark 
blue colour by exposure to the air ; and upon putting a drop 
of pure water upon the blue fracture, it was instantly con- 
verted into a deep and glossy black. 

When the pure tabasheer was exposed to a white heat 
for several hours, and was then burned in paper, it received 
its black colour as before. When it was held in the fiame 
of aXcohol or of Carburetted hydrogeh, it Was' merely Stained 
in a slight degree, which was probably owing to the inten- 
sity of the heat, which may have discharged the black tint as 
soon as it was formed. 
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I was now anxious to see the effect produced upon taba- 
sheer by the absorption of iodine gas, and for this purpose I 
took several opaque and transparent fragments, and having 
saturated some cf them with moisture, and left others dry,. 
I placed them in different glass tubes, which were hermeti- 
cally sealed after a portion of iodine had been introduced. 
Previous to the application of heat the tabasbeer assumed a 
yellow tinge, which deepened into a pale orange, and a veined 
structure appeared in one of the fragments. When the 
iodine was converted into gas by heat, the colour of the 
fragments grew more and more red ; the transparent pieces 
were like garnets, and the opaque ones like fragments of 
red brick ; and after standing two or three days the opaque 
pieces became perfectly transparent. The iodine vapour, 
therefore, seems to have taken the place of the water in the 
wetted fragments, and of the common air in the dry ones ; 
and it appears to have retained its gaseous form within the 
tabasheer, when the external gas had returned to the solid 
state. Upon taking thq tabaabier out of the glass tubes, the 
iq4ine waa sloWly expelled, a yellow tinge appeared even 
after 30 hours exposure to the air, and it was not entirely 
removed by immersing the fragments in vwiter. 

The difference in the properties of the opaque and the 
transparent tabasheer, rendered it desirable to have accurate 
measures of their specific gravities, and I have been fortunate 
enough to procure them to a great degree of exactress, 
through the kindness of my friend, Mr. James Jardike, who 
ijl^^ed for me the following results* 
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Grains* 

No. 1 . Seven pieces of opaque tabasheer, 

weighed in air. - - 6 65 , 

The same pieces when thoroughly 
soaked in water, weighed in air - 14,10 

The same weighed in water at the 
temperature of - - 3,42 

Hence the specific gravity of the parcel when dry, is a.059 
And the specific gravity of the parcel when wet, is 1.320 

Grains 

No. II. &veral small fragments of trans- 
parent tabasheer, weighed in air - 1 ,23 

The same pieces when thoroughly 
soaked in water, weighed in air - 2,54 

The same weighed in water at the 
temperature of 32° - - 0,72 

Hence the specific gravity of the parcel when dry, is 2,4,12 
And the specific gravity of the parcel when wet, is 1,396 
Mr. Macie found the specific gravity of a parcel of opaque 
and transparent tabasheer to be 2,188 ; and Mr. Cavendish, 
having tried the same parcel, found it to be 2,169. The mean 
of Mr. Jardine's results is 2,235, which exceeds the mea- 
sures of Macie and Cavendish, because the opaque frag- 
ments in their parcels must have been more numerous than 
the transparent ones, in consequence of the rarity of the 
latter. 

It appears from the preceding results, that in both kinds of 
tabasheer the , quantiQr of water imbih^l exo^ds in wei^^jbt 
that of the taSasheer itself ; and that in the opaque kinds, 
the space occupied by the pores is to the space ocGujaed by 
the tabasheer, as 2,307 to 1 ; while in the transparent kinds, 
it is 2,5656 to 1 . This result indicates a very remarkable 
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degree of porosity ; and as it makes the pore more extensive 
in the transparent than in the opaque kind, contrary to 
what we should expect from their specific gravities, it seems 
to follow, that the water was not capable of insinuating itself 
into all the pores of the opaque tabaslieer. This conclusion 
is rendered more probable, when we consider the extreme 
difficulty with which the oil of beech nut displaces the last 
portions of included air; and it affords a very plausible 
explanation of the fact, that the chalky tabasheer cannot be 
rendered transparent by the absorption of water. 

We are now prepared by the preceding observations, for 
investigating the cause of the remarkable paradox exhibited 
by the transparent tabasheer, in becoming perfectly opaque 
and white, by absorbing a small quantity of water, and per- 
fectly transparent when that quantity is increased. As this 
effect takes place indiscriminately with all fluids, it cannot be 
the result of any chemical action, and therefore its cause 
must be sought for in the changes which the light suffers in 
traversing the vacuities of the tabasheer. 

Let ABC be a prism of this substance, and ahcd one 
of its pores highly magnified. We know that tliis pore 
is filled with air ; and 
that when a ray of light 
MN enters the separat- 
ing surface db at fe, and 
quits it at h, it suffers so 
little refraction, and is 
therefore so little scat- 
tAii that the tabasheer 
- aplito'^iUikispkffeflt, thd 
allows ui^’to s»e 
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distinctly through it. This effect, which could not take 
place in any other porous substance, arises from the small 
difference between the refractive power of air and taba- 
sheer. Let us now suppose that a small quantity of water 
is introduced into the pore abed, so as not to fill it, but merely 
to line its circumference with a film contained between abed 
and ajS'yJ. Then the light which was formerly scattered by 
the slight refraction at and h in passing from tabasheer 
into air, will now be a little less scattered at these points, since 
it passes from tabasheer into water, where the difference of 
•refractive power is less ; but , in passing from the film of 
water into the air at f, and in entering the water again at g, 
the scattering of the rays will be very considerable, from the 
great difference in the refractive powers of air and water. In 
passing through every pore, therefore, the light, is refracted, 
and consequently scattered no leas than four times; and hence 
the paeoe of tabasheer must appear to be opaque. If we now 
satutate it with water, the pore will be completely filled; 
the two great refractions which took place at f and g, will no 
longer exist; and the lightwill suffer only a slight refraction 
at e and A, by which it will be less scattered than when the 
tabasheer was diy. Hence it follows, that when the taba- 
sheer is saturated with water, it ought to transmit tfie inci- 
dent light freely^ and t6 be more transparent than when 
it is quite dry, a result which is perfeptly wnformahJe. to 
.enervation.'' \ 'U.V„ 

IRte itery^ Imbmaly 

l^heerr in homing tranis^arnte 

nutj and hot by qf dii the 

addifiohal tratispai^cf tommunicat^^ to, the trahsp^nt 1 

, 'Mhcccsnx.' 'vV:;;: Qq-' : . 
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fragments by immersion in oil, if they do not arise from the 
existence of minute pores, which admit the oil and keep out 
the water, must be ascribed to a very considerable refrac- 
tive density in the solid parts of the substance. The expe- 
riments made with the oil at different temperatures, indeed, 
seem to prove that the refractive power of the solid parts of 
the tabasheer is equal to about 1,500, or that of oil of beech 
nut raised to the temperature which produces the maximum 
transparency ; but as the refractive power of a prism of 
tabasheer is greatly inferior to that of water, we shall now 
proceed to consider how these apparently opposite results 
can be reconciled, and what inferences can be drawn from 
them. 

When alcohol is poured into water in a glass vessel, a 
scattering of the transmitted light is immediately visible, in 
consequence of their imperfect mixture, and of the difference of 
their refractive powers ; but in a short time the union of the 
fluids is so complete, that the light is transmitted as freely as 
through either of them separately.* Chemistry does not inform 
us how the particles of alcohol and of water are combined 
80 as to produce this effect \ but we know that the refractive 
powerof the compound is intermediate between that of the two 
ingredients ; and hence it is certain, that the refraction of the 
incident light is produced by their joint action. If we iracreasae 
the quantity of water successively, the particles of alcohol 
will be thrown to a greater and greater distance, and the 
refractive power of the compound will be proportionally 
#dErinishqd. Let us ttow suppose that ail the aqueous parti- 
dfti are extinguished) smd that their place is occupied with a 

siKdir airt tiben it is obvioua that the 
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refractive power of the compound will be inferior to that of 
water, and will approach to that of air, in proportion to the 
quantity of air united with the alcohol. 

This hypothetical combination of air and alcohol, repre- 
sents exactly what I conceive to be the condition of the dry 
and transparent tabasheer. The refractive power of the 
solid parts is not far from 1,500 ; but the substance is so 
formed, that its particles are kept at a great distance by 
means of vacuities filled with air, and arranged in such a 
manner, that the light passes from the particles of tabasheer 
into the particles of air without suffering refraction, in the 
same manner as it passes from the particles of alcohol to the 
particles of water, when these fluids are chemically united. 
That there is not a chemical union between the air and the 
tabasheer, is certain, because the air may be displaced, and 
flie transparency ja^sei^y^; |n vacuo; and hence we may 
draw the important inference; of which we have no other 
example in phyacs, that the tab^heer and included air - 
exercise a joint action upon fight, in the same manhjer as if 
they were in a state of chemical imion. I have the hoimur 
to be, &C, &c. &c. 

DAVID BREWSTER. 

j^^lntrgb» Marck H 
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XX. An Account of a Membrane in the Eye, now first described. 
By Arthur Jacob, M. D. Member of the Royal College of 
Surgeons in Ireland, Demonstrator of Anatomy and Lecturer 
on Diseases of the Eye in the University of Dublin. Commu- 
nicated by James Macartney, M. D. F. R. S. 

Read July i, 1819. 

Aistatomists describe the retina as consisting of two por- 
tions, the medullary expansion of the nerve, and a membra- 
nous or vascular layer. The former externally, next to the 
choroid coat, and the latter internally, next to the vitreous 
humor,* All however, except Albinus and some of his 
disciples, agree, that the nervous layer cannot be separated 
so as to present the appearance of a distinct membrane, 
though it may be scr^iped off, leaving the vascular layer per- 
fect. That th 4 medullary expansion of the optic nerve is 
supported by a vascular layer, does not I think admit of 
doubt ; but it does not appear that Albinus was right in sup- 
posing that the nervous layer can be separated in form of a 
distinct membrane, though shreds of a considerable size may 
be detached, especially if hardened by acid or spirit. 

Exclusive of these two layers, I find that the retina is 
covered on its external surface by a delicate transparent 

* RttYSCH. EpiM. Anat, Prob. jdii. Aisisos, Annot. Acad, lib. iii. cap. xiv, 
filAliifa, BlettJ. fhp. T. v. Ub. xvi. sect. a. Zink, D escrip. Anat. Oculi. cap. iii. 
sect Bos^ais, Qm4.u>U Uttt, Cvvibk, &c. ice. 
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membrane, united to it by cellular substance and vessels. This 
structure, not hitherto noticed by anatomists, I first observed 
in the spring of the last year, and have since so frequently 
demonstrated, as to leave no doubt on my mind of its exist- 
ence as a distinct and perfect membrane, apparently of the 
same nature as that which lines serous cavities. I cannot 
describe it better, than by detailing the method to be adopted 
for examining and displaying it. Having procured a human 
eye, within forty-eight hours after death, a thread should be 
passed through the layers of the cornea, by which the eye 
may be secured under water, by attaching it to a piece of 
wax, previously fastened to the bottom of the vessel, the 
posterior half of the sclerotic having been first removed. 
With a pair of dissecting forceps in each hand, the choroid coat 
should be gently torn open and turned down. If the exposed 
surface be now carefully examined, an experienced eye may 
perceive, that this is not the appearance usually presented by 
the retina; instead of the blue-white reticulated surface of 
that membrane, a uniform villous structure, more or less 
tinged by the black pigment, presents itself. If the extre- 
mity of the ivory handle of a dissecting knife be pushed 
against this surface, a breach is made in it, and a membrane 
of great delicacy may be separated andrturned down in folds 
over the choroid coat, presenting the most beautiful specimen 
of a delicate tissue which the human body affords. If a small 
opening be made in the membrane, and the blunt end of a 
probe introduced beneath, it may be separated throughout, 
without being turned down, remmning loose over the retina ; 
in which state if a small particle of paper or globule of air be 
introduced under it, it is raised so as to be seen against the 
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light, and is thus displayed to great advantage ; or it is some- 
times so strong as to support small globules of quicksilver 
dropped between it and the retina, which renders its membra- 
nous nature still more evident. If a few drops of acid be 
added to the water after the membrane has been separated, 
it becomes opaque and much firmer, and may thus be pre- 
served for several days, even without being immersed in 
spirit. 

That it is not the nervous layer which I detach, is proved 
by the most superficial examination ; first, because it is im- 
possible to separate that part of the retina, so as to present 
the appearance I mention and, secondly, because I leave 
the retina uninjured, and presenting the appearance described 
by anatomists, especially the yellow spot of Soemmerring, 
which is never seen to advantage until this membrane 
be removed : and hence it is that that conformation, as well 
as the fibrous structure of the retina in some animals, 
becomes better marked from remaining some time in water, 
by which the ipembrane I speak of is detached, 

The extent and cotmections of this membrane are suffi- 
demtiy explained by saying, that it covers the retina from 
the optic nerve to the ciliary processes. To enter into far- 
ther investigation on this subject, would lead to a discussion 
respecting the structure of the optic nerve, and the termina- 
tion of the retina anteriorly, to which it is my intention to 
return at a future period. 

The appearance of this part I find to vary in the difierent 
dasses of animals and in man, according to age and other 
fti the foetus of nine months it is exceed- 
2>jiair, ftc. loc. eit. 
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ingly delicate, and with difficulty displayed. In youth it istrans- 
parent, and scarcely tinged by the black pigment. In the adult 
it is firmer, and more deeply stained by the pigment, which 
sometimes adheres to it so closely as to colour it almost as 
deeply as the choroid coat itself ; and to those vi ho have 
seen it in this state, it must appear extraordinary that it 
should not have been before observed. In one subject, aged 
fifty, it possessed so great a degree of strength as to allow 
me to pass a' probe under it, and thus convey the vitreous 
humor covered by it and the retina from one side of the 
basin to the other ; and in a younger subject I have seen it 
partially separated from the retina by an effused fluid. In 
the sheep, ox, horse, or any other individual of the class 
mammalia which I have had an opportunity of examining, it 
presents the same character as in man ; but is not so much 
tinged by the black jMgment, adheres more firmly to the 
retina, is more uniform in its structure, and presents a more 
elegant appearance when turned down over the black cho- 
roid coat. In the bird, it presents a rich yellow brown tint, 
and when raised, the blue retina presents itself beneath ; in 
animals of this class, however, it is difficult to separate it to 
any extent, though I can detach it in small portions. In 
fishes, the structure of this membrane is peculiar and carious. 
It has been already described as the medullary layer of the 
retina by Haller and Cuvier,* but I think incorrectly, as it 
does not present ^any of the characters of nervous structure, 
and the retina is found perfect beneath it. If the sclerotic 
wat be removed behind, with the choroid raat a?id gland so 

* Element. PI^. T. ▼. Hb. xri. sect. S. Cvri» IiCfttn* d’Anat. Comp. 
T. ii.p.419. 



S04 


Dr. Jacob's account of 

called, the black pigment is found resting upon, and at- 
tached to, a soft friable thick jfieecy structure, which can only 
be detached in small portions, as it breaks when turned down 
in large quantity. Or if the cornea and iris be removed 
anteriorly, and the vitreous humor and lens withdrawn, the 
retina may be pulled from the membrane, which remains 
attached to the choroid coat, its inner surface not tinged 
by the black pigment, but presenting a clear white, not un- 
aptly compared by Haller to snow. 

Besides being connected to the retina, I find that the mem- 
brane is also attached to the choroid coat, apparently by fine 
cellular substance and vessels ; but its connection with the 
retina being stronger, it generally remains attached to that 
membrane, though small portions are sometimes pulled off’ 
with the choroid coat. From this fact I think it follows, that 
the accounts hitherto given of the anatomy of these parts, 
are incorrect. The best anatomists* describe the external 
surface of the retina as being merely in contact with the cho- 
roid coat, as the internal with the vitreous humor, but both 
tottdly unoofinected by cellular membrane, or vessels, and 
even having a fluid secreted between them : some indeed 
speak loosely and generally of vessels passing from the cho- 
roid to the retina; but obviously not from actual observation, 
as I believe no one has ever seen vessels passing from the 
one membrane to the other. My observations lead me to con- 
clude, that wherever the different parts of the eye are in 

* S«eHAi.z.j£R, Elem. Phys. T. r. lib. xW. sect, ii. Zikn. cap. ii. sect. L § ii, 
Anat. T, vr . p, tij. Sabatibr, T. Si. p. 70. Bicbat, Anat. Descr, T. il* 
d'Aaat. Comp* T« ii. p. 418. CaAabXs Bbi. 1., Anat. 
wl. IS, j Rtasii M h. Med, d*Emulation, T. viii. p« 
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contact, they are connected to each other by cellular sub- 
stance, and, consequently, by vessels ; for I consider the failure 
of injections no proof of the want of vascularity in transpa- 
rent and delicate parts, though some anatomists lay it down 
as a criterion. Undoubtedly the connection between these 
parts is exceedingly delicate, and, hence, is destroyed by the 
common method of examining this organ ; but I think it is 
proved in the following way. I have before me the eye of 
a sheep killed this day, the cornea secured to a piece of wax 
fastened under water, and the posterior half of the sclerotic 
coat carefully removed. I thrust the point of the blade of a 
pmr of sharp scissors through the choroid coat into the vitre- 
ous humor, to the depth of about an eighth of an inch, and 
divide all, so as to insulate a square portion of each mem- 
brane, learing the edges free, and consequently no connection 
except by surface ; yet the choroid does not recede from the 
membrane I describe, .the membrane from the retina, nor the 
redna from the vitreous humor. I take the end of the por- 
tion of choroid in the forceps, turn it half down, and pass a 
pin through the edge, the weight of which is insuflBcient to 
pull it from its connection. I separate the membrane in like 
manner, but the retina I can scarcely detach from the vitreous 
humor, so strong is the connection. The same fact may be 
ascertained by making a transverse vertical section of the 
^eye, removing the vitreous humor from the posterior seg- 
ment, and taking the retina in the forceps, pulling it gently 
from the choroid, when it will appear beyond a doubt that 
there is a connection between them. 

Let us contrast this account of the matter with the com- 
mon one. The retina, a membrane of such delicacy, is 

MDCGCXIX. R r 
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described as being extended between the vitreous humor and 
choroid, from the optic nerve to the ciliary processes, being 
merely laid between them, without any connection, and the 
medullary fibres in contact with a coloured mucus retained in 
its situation by its consistence alone. This account is totally 
at Vkliance with the general laws of the animal economy : 
in rfo instance have we parts, so dissimilar in nature, in actual, 
contact: wherever Contact without connection exists, each sur- 
face is covered by a membrane, from which a fluid is secre- 
ted ; and wherever parts are united, it is by the medium of 
cellular membrane, 6f which serous membrane may be con- 
sidered as a modificaftinn. If the retina be merely in con- 
tact with the vitreous humor and choroid, we argue from 
htiklo^, fhat a cavity lined hy serous membrane exists both 
‘tti ifs ifatemal and 'external surface ; but this is not the fact. 
In the eye a distinction of parts was necessary, but to accom- 
J)Iish this a serous membrane was not required ; it is only 
demanded where great precision in the motion of parts was 
Indispensable, as in the head, thorat, ahd abdomen ; a single 
'nifetnlE<tiiftfe,*W!<hlhdlriter^ of cellularsUbstance, answers 
•'dlfe pttfpWsfelifere. 'By this explanation we surmount another 
dS^Sctdty, 'the UnphiloSojihic^l ide'a of the colouring matter 
being laid on the choroid, and retained in its situation by its 
viscidity, discarded ; as it follows, if this account he correct, 
<lfat ft IS setareted into the interstices of fine cellular mem- 
brane here, as it is upon the dliary processes, back of the iris, 
'and pecten, under the conjunctiva, round the cornea, and in 
the edge of the membraWa 'ffictirans and Sheath of the optic 
%n 'kaahy atfismafe. iMsstectidns are recorded Where 

between ‘the chotoidand 
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retina, by which the structure of the latter membrane was de- 
stroyed ; the explanation here given is as sufficient to account 
for the existence of this fluid, as that which attributes it to 
the increased secretion of a serous membrane. 

I take this opportunity of describing the method I adopt for 
examining and displaying these and other delicate parts, a 
method, which though simple, will, I expect, prove an impor- 
tant improvement in the means of scrutinizing the structure 
of animal and vegetable bodies. I procure a hollow sphere 
of glass from two to three inches in diameter, about one 
fourth of which is cut off at the part where it is open, and 
the edges ground down, so as to fit accurately upmi a jaece 
of plate glass, the surface of which is also ground ; the object 
to be examined is attached to a piece of wax fastened upon 
the plate of glass and immersed in a basin of water, with the 
cut sphere, which is ijpverte^ over it, of j^mrae full of water, 
and the whole withdrawn from the hasin. The part maty 
thus be examined under the mcKst favourable circmnstances ; 
it floats in water, the only method by which delicate parts 
can be unfolded and displayed : the globular form of the ves- 
sel answers the purpose of a lens of considerable power and 
perfection^ at the same time that it admits ^ight in any quan- 
tity or direction tn illuminate the olyect ; and, what is of the 
mmest importance, a preparation of the greatest delicacy 
may thus be handed roimd a class in safety. 
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XXL A new method of solving numerical equations of all 
orders, ly continuous approximation.* By W. G. Horner, Ksq. 
Communicated hy Davies Gilbert, Esq. F. R. S. 

Read July i, 

i.The process which it is the object of this Essay to esta- 
blish, being nothing else than the leading theorem in the 
Calculus of Derivations, presented under a new aspect, may 
be regarded as a universal instrument of calculation, extend- 
ing to the composition as well as analysis of functions of every 
kind. But it comes into most useful application in the nume- 
rical solution of equations. 

a. Arbog AST' s developement of 

^ " 1 “ " 1 “ " 4 " • • • • ) 

(See Calc, des Der. § 33) supposes all the coefficients within 
the parenthesis to be known previously to the operation of <p. 
To the important cases in which the discovery of y, J, &c. 
depends on the previous developement of the partial functions 
^ (fl* * 4 " -J- &c. 

’ * The only object proposed by the author in offering'this Essay to the acceptance 
of the Royal Society, for admission into the Philosophical Transactions, is to secure 
beyond the hazard of controrersy, an Englishman’s property in a useful discovery. 
Useful he may certainly be allowed to call it, though i^e produce of a purely 
naiical speculation $ for of all the investigations of pure mathematics, the subject of 
approximation is that which comes most directly, and most frequently into contact 
with the practical wants of the calculator. 

How far the manner in which he has been so fortunate as to contemplate it has 
conduced, by the result, to satisfy those wants, it is not for him to determine j but 
Mi( bdllif is, that both Arithmetic and Algebra have received some degree ofimpiove- 
A Iltiom intimate tu^ The abroptness of transition has been broken 
down into a gsutie and uitifai^ subtiNify. 
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it is totally inapplicable. A theorem which should meet this 
deficiency, without sacrificing the great facilitating principle 
of attaching the functional symbols to « alone, does not 
appear to have engaged the attention of mathematicians, in 
any degree proportionate to the utility of the research. This 
desideratum it has been my object to supply. The train of 
considerations pursued is sufficiently simple ; and as they 
have been regulated by a particular regard to the genius of 
arithmetic, and have been carried to the utmost extent, the re- 
sult seems to possess all the harmony and simplicity that can 
be desired ; and to unite to continuity and perfect accuracy, a 
degree of facility superior even to that of the best popular 
methods. 

Investigation of the Method. 
g. In the general equation 

(pxs=o 

I assume x =; R -J- r + • 

and preserve the binomial and continuous character of the 

operations, by making successively 

x = R -{-J 5 =sR-{-r +2' 

= R^ H- x' = R/ 4 . r* 4- 

‘ 5= R" -f- x'f = &c. 

Where R* represents the whole portion of s which has already 
been subjected to and 2*= r*+2*' the portion still excluded ; 
but of which the part r* is immediately ready for use, and is 
to be transferred from the side of % to that of R, so as to change 
^ R* to ^R»* without suspending the corrective process. 

4. By Taylor's theorem, expressed in the more conve- 
nient manner of Arbogast, we have 

^ 25 S (p (R 4 2) =* 

?>R 4 ss 4 
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Where by D” <pK is to be understood \ » viz. tlie 

derivee with its proper denominator ; or, that function which 
Arbogast calls the derivee divisee, and distinguishes by a r 
subscribed. Having no occasion to refer to any other form 
of the derivative functions, I drop the distinctive symbol for 
the sake of convenience. Occasionally these derivees will 
be represented by a, b, c, &c. 

5. Supposing <pR and its derivees to be known, the mode 
of valuing <pR' or <p(R 4 -^) is obvious. We have only to 
say in the manner of Lagrange, when preparing to develope 
his Theory of Functions, 

(pR^s=3 ^R “1~ Ar 
A=:D<pR +Br 
B = DVR 4. Cr 
C =s: DVR + Dr 

V = D«-* <pR 4 Ur 

U = D'‘~‘<pR4r 

Taking these operations iij reverse order, we ascend with 
rapidity to the value of ip (R 4- r) or 

6 . The next point is, to apply a similar principle to dis- 
cover the value of<p(R4r4^0“'P We 

here have 

«pR"se*?ja'4AV 
A^ =«D9R'4B^r' 

B' =D>R'4 Cr' 

C =sDW 4 D'r' 

V' =D«^'<pk*4-U'r' 

U'«sE^?jR'4r' 

But tlw former operation ddlermlned <pW only, without giving 
the valttfe'df ahy af ^ 'diiWed ftoctions. ‘ The very Simple 
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scale of known quantities, therefore, by which we advance so. 
rapidly in the first process, fails in those which follow. 

7. Still we can reduce these formulas to known terms ; for 
since we have in general 

iyD’<pa = ~ ^ 

(See Arbogast, § 137 ) ; by applying a similar reduction to 
the successive terms in the developement of D* = D" 
r), we obtain* 

^ . ^4. &c. 
And it is manifest that this expression may be reduced to a 
form somewhat more simple, and at the same time be ac- 
commodated to our principle of succes^ve derivation, by 
introducing the letters A, C, &c. instead of the functional 
expressions. , , _ ; v - ' 

8. As a general example, let . 

M==D'“" ^>R.f Nr 
N =D”*+>R-l-Pr 
P =D"‘+>R-l-Qr 


^ Tfiis theorecq^ of whick tlxat in Ait. 4x5 a particular case [m sr ^las ieeri 
long in use under a moicu or le® sestiicted f nimcmtion, in aH of liwe tran^ormata^ 
dfeguationsu equj^on^^ and 

the formulae in Simps6s?$ Al^ibica (cd. 5, p* 1^66, drcajin^ are mstaiaces. In a 
form stiU moreoircumsOTbed {>rcx, 8±:o# i, a, &c.3 it constitutes the 

of BupAN ; which has he^ dfeserredfy chartci^ed assimpie 

but mstniment of 

and these tciw^ts prore. 
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represent any successive steps in the series in Art. 5 > then are 
D" (pR = M — Nr 

D’"+VR = N - Pr 
D^+^^R = P - Qr 


And by substituting these equivalents in the developement 
just enounced, it becomes 

I>?»R'== M + wNr + &c. 

9. With tliis advantage, we may now return to the process 
of Art. 6, which becomes 

?iR"=:^R' + AV 

Af=s ^ A Br Cr® -f- Dr* Er* &c>) -J- B' r' 

B' = (B +sCr4.sD/^ + 4Er®4-&c.) + C V 
(C + 8 Dr+ 6Er + &c.) + DV 

V'ra (V + ”^Vr+ + U' r' 

U'=*(U + 2=:ir)+^' .... 111 .'} 

Taking these operations in reverse order as before, by deter- 
mining U', V' . . . . C, B', A*, vi^e ascend to the value of fR’'. 

10. In this theorem, the principle of successive derivation 
already discovers all its eflScacy ; for it is obvious that the 

next functions XJ", V" C", B^', A", ^R'", flow from the 

substitution of A', B', C, . ... V', U', (pR", r', f, for A, B, 

C V, U, ^R', r, r', in these formulae ; and from these 

U"', V"', &c, ; and so on to any desirable extent. In this re- 
spect, Theorem II, algebraically considered, perfectly answers 
the end proposed in Art. s. 

W. We petcdve also, tkat some advance has been made 
tovrmi i^^medcal facility} for all the figurate coeflScients 
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here employed are lower by one order than those which 
naturally occur in transforming an equation of the n*^ degree. 
But it is much to be wished, that these coefficients could be 
entirely dispensed with. Were this object effected, no mul- 
tipliers would remain, except the successive corrections of the 
root, and the operationig would thus arrange themselves, in 
point of simplicity, in the same class as those of division and 
the square root. 

12. Nor will this end appear unattainable, if we recur to 
the known properties of figurate numbers ; which present to 
our view, as equivalent to the Itrm of the series: 

1. The difference of the and n — - 1'* term of the 
series. 

2. The sum of the first n terms of the m — 1* series. 

3. The sum of the term of the »i— 1‘*, and the n — term 

of the w* series. 

The depression already attained has resulted from the first 
of these properties, and a slight effort of reflection will con- 
vince us that the second may immediately be called to our aid. 

13. For this purpose, let the results of Art. 9 be expressed 
by the following notation ; 


<pR"= 

!<pR' 

4- AV 



-f B'r' 



-f- CV 

C' = 


4 - W 

V'=s= 



U^== 




the exponents subjoined to any letter indicating the degree 
MDCCCXIX. S s 
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of the figurate coefficients in that formula of the theorem, of 
which such letter is the first term. 

14. Although this statement appears only to have returned 
to us the conditions of Art. 6, with all their disadvantages, 
and to have merely substituted 

A, for DifiR' or a* 
for or ¥ 

Cj for D®^R' or c' 

&c. yet, by means of the property just alluded to, the essential 
data A, B, C, &c. which have disappeared, will again be ex- 
tricated. For the developement of D”(pR', found in Art. 8, 
undergoes thereby the following analysis ; 

M 4. OT Nr + ^ . 1 ^ Qz-a 4. 

= M 4 Nr+ Pr*+ Qr^^ 

-4- Nr 4 2 Pr* 4 3 Qr® 4 

4 Nr 4 3 4 ^ + 

4 Nr 4 m Pr® 4 Qr® 4 

which equivalence will be thus expressed: 

M^5=!M4N/4N/4Njr4 4N^r 

Returning therefore once more to our theorem, we now have 
^R''=:(pR'4 AV 
A = ( A 4 B^r) 4 BV 
B' =: (B 4 C^r 4 C/) 40/ 

C = (C 4 D/ 4 D/ 4 D^r) 4 DV 

T a= (V 4 U/ 4 U/ 4 U 3 r 4 
U' Bs (U • ^) Hh ^ 


U„r) + UV 
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15. This theorem employs exactly the same total number 
of addends as Theorem II, but with the important improve- 
ment, that the number of addends to each derivee is inversely 
as their magnitude, contrary to what happened before. Figu- 
rate multipliers are also excluded. And it is easy to convince 
ourselves that no embarrassment will arise from the newly 
introduced functions. For if we expand any of the addends 
N^r in the general formula equivalent to , and analyze 

it by means of the third property of figurate series, we shall 
find 

And since we take the scale in our Theorem in a reverse or 
ascending order, this formula merely instructs us to multiply 
an addend already determined by r, and to add the product 
to another known addend ; and if we trace its effect through 
all the descending scale, to the first operations, we observe 
that the addends to the last derivee, from which the work 
begins, are simply r repeated n — 1 times. 

16. Because = N, the addend exterior to the paren- 

thesis, might for the sake of uniformity be written 

The harmony of the whole scheme would then be more com- 
pletely displayed. To render the simplicity of it equally per- 
fect, we may reflect that as the factors r, r', 8cc. are engaged 
in no other manner than has just been stated, viz. in effecting 
the . subordinate derivations, their appearance among the 
principal ones is superfluous, and tends to create embarrass- 
ment. Assume therrfore 

,N = Ny, 


and we have 



gi6 Mr. Horner’s new method of solving numerical 
<pR"=<f)R' + oA' 

A' = (A+ I®) +0^' 

B'=(B + ,C+aC)+oC' 

C' = (C + jD + 2^ + 3^) + 


• • • * * • 

V' — (V + ,u + „U 4 - 3U + B-zU) + oU' 

U^_(U+^1 •O+r' . . • m 

the subordinate derivations being understood. 

17. The Theorems hitherto give only the synthesis of <px, 
when X = R + ^ l«^nown. To adapt them to 

the inverse or analytical process, we have only to subtract 
each side of the first equation from the value of (pa;; then 

assuming <px - <pR* = A*, we have 
a' = A-,A 

A = (2 4 - o® 

&c. as in Theorem I. 


^A' 

A'=.(A 4- x^) + o®^ 

&c. as in Theorem 11 . or III. 

The successive invention of R, r, r', &c. will be explained 
among the numerical details. In the mean time, let it be 
observed that these results equally apply to the popular for- 
mula (pz = constant, as to <px =s 0. 

18. I shall close this investigation, by exhibiting the whole 
chain of derivation in a tabular form. The calculator will 
then perceive, that the algebraic compqsition of the addends 
to longer requires his attention. He is at liberty to regard 
characters by wMch they are represented, in the light of 
me;^Jtoespondi»g syhtbols, whose origin is fuUy expired 

* * * /A 
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at their first occurrence in the table, and their ultimate appli- 
cation at the second. The operations included in the paren- 
theses may be mentally elFected, whenever r is a simple digit. 

And lastly, the vertical arrangement of the addends adapts 
them at once to the purposes of arithmetic, on every scale of 
notation. 

General Syno^is. 

H— i*Der.«— 2 '*Deriyee.«— j'^Derivee., .... jrd.Deriree. and.Detwee. ist.Derivee. Synthesis. Anal.! Root 
u V t e b a . «R AlR+r+V 

r(Ur=) U (rV=) V &c. Dr=) D{Cr=) C(Br=:) B (Arr:) A _a! 

. 0 .0 o 'o' o' ooi 

U ’’v T &C. C . B A ^iR A'! 

Sirr. r (U+r»=) U (V+Ur=) V (D+Er=) D(C+Dr=:) C(B+Cr=) B' (AV=)A' -A^ 

0 lOl I OZ ZOZ ZOl > 0 0. 

(U+»*=) U(V+Ur=:)V (D+Er=) D(C+Dr=) CyB'fz:) B' 1 

, t I Z t >» »1» i o I 

&c. to &c. to &c. (D+Err:) D(CVs) C ■ — — oR* a'' 

U y 2 3 3 0 ! . ■ ■ 

s _2 «_3 (0'r'=) . D' — — A'(AV=)A' -A" 

r'Piy=) n*(vy=) w : “ fB'+cv=)B' » »! 

0 . « - : B' “ ‘ ‘ &c. Sc.; 

— — . — ^ ' - C'(C'+W=3C Sc. 

D' V' T' (D’4.EV=)0' « : * ' ' ; 

^.r' (U'+y^) U (y+UV=!V' Sc. ^ * . Sc : 

010 *. . . I 

Sc. Sc. Sc. 


Illustrations. 


10, The remarks which are yet to be adduced will bear 
almost exclusively on the: Analytic portion of tile Theorem, 
from -which the Synthetic difiers only in the Im intricate 
management of the first deriyee; this function having no 
ccaicem with the discovery of the root, and its multiple being, 
additive like alt the lest, instejad of srtite 
^ ^ : ' '■'fit^;‘l^'i^stii^;nature.pf it ,, 

ikeyi^htt^tio class 

dr ttansKndeBtaif desip. In this; re- 

spect mdeed, the' 1^ method agrm wnth the established 
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popular methods of approximation ; a circumstance in favour 
of the latter, which is overlooked by many algebraists, both 
in employing those methods, and in comparing them with 
processes pretending to superior accuracy. The radical fea- 
ture which distinguishes them from ours is this : .iiey forego 
the influence of all the derivees, excepting tlie first and 
perhaps the second; ours provides for the cftectual action 
of all. 

so. Concerning these deriv'ees little need be said, as their 
nature and properties are well known. It is sufficient to state 
that they may be contemplated either as differential coeffi- 
cients, as the limiting equations of Newton, or as the nume- 
rical coefficients of the transformed equation in R 4* This 
last elementary view will suffice for determining them, in 
most of the cases to which the popular solutions arc adequate ; 
viz. in finite equations where R, an unambiguous limiting 
value of X, is readily to be conjectured. When perplexity 
arises in consequence of some roots being imaginary, or dif- 
fering by small quantities, the second notation must be called 
in aid. The first, in general, when is irrational or trans- 
cendental. 

at. The fact just stated, namely, that our theorem con- 
tains within itself the requisite conditions for investigating the 
limits, or presumptive impossibility, of the roots, demonstrates 
its sufficiency for effecting the developement of the real 
roots, independently of any previous knowledge of R. For this 
purpose, we might assume R = o ; r, r, fkc. css i or . i &c. and 
adopt, as most suitable to these conditions, the algorithm of 
tllij>jem 11, unfll we had arrived at R*, an unambiguous 
of But rince these initiatory researches 
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seem more naturally to depend on the simple derivees, a, b, &c. 
than on A, B, &c. their aggregates ; and since, in fact, as long 
as ris assumptive orindependent of R, our system of derivation 
offers no peculiar advantage ; I should prefer applying the 
limiting formula in the usual way ; passing however from 
column to column (Wood, § 318.) of the results, at first by 
means of the neat algorithm suggested in the note on Art. 7, 
and afterwards by differencing, &c. as recommended by La- 
grange, {Res. des Eq. Num. § 13), when the number of co- 
lumns has exceeded, the dimensions of the equation. (Vide 
Addendum.) 

If, during this process the observation of De Gua be kept 
in view, that whenever all the roots of <px are real, (px 
and tpx will have contrary signs when is made 

to vanish, we shall seldom be under the necessity of resorting 
to more recondite criteria of impossibility. Every column in 
which 0 appears between results affected with like signs, will 
apprize us of a distinct pair of imaginary roots ; and even a 
horizontal change of signs, occurring between two horizontal 
permanences of an identical sign, will induce a suspicion, 
which it will in general be easy, in regard of the existing 
case, either to confirm or to overthrow. 

sa. The facilities here brought into a focus, constitute, I 
believe, a perfectly novel combination ; and which, on that 
account, as well as on account of its natural affinity to our own 
principles, and still more on account of the extreme degree of 
simplicity it confers on the practical investigation of limits, 
appears to mmt the illustration of one or two familiar ex- 
amples. 
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Ex. 1. Has the equation x* — 40:® + 


X 


0 

1 

a 

30 

9 

4 

—16 

—8 

0 

8 

a 

! 8 

—4 

0 

4 

1 

1 

1 


Here the first column consists of the given co-efEcients 
taken in reverse order. In the second, 9 is = the sum of the 
first column, — 8 is = — + s (8) + 3 (— 4) + 4 (1 ), 

»is = 8 -|- 3 (“"4) Hh ^ (^)> The third column is 
formed from the second, by the same easy process. We need 
proceed no farther ; for the sequences a, o, 1 in the second 
column, and 4, o, 8 in the third, show that the equation has 
two pairs of imaginary roots. Consequently it has no real 
root. 

Ex. a. To determine the nearest distinct limits of the posi- 
tive roots of a?® — yar + 7 M o. See Lagrange, Bjes. des E. N, 
§ 27, aqd nhte 4. 1 8. 

Operating as in the former example, we have 

X 


0 

t 


' 7 

1 

1 

—7 

—4 

s 

0 

8 

6 

1 

1 

1 


Since all the signs are now positive, a is greater than any 
of the positive roots. Again, between — 4 and -|- 5, it is 
that 0 will occur as a value of the first derivee. and 
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that the simultaneous value of the second derivee will be 
affirmative. But as the principal result has evidently con- 
verged and subsequently diverged again in this interval, no 
conclusion relative to the simultaneous sign of that result 
can be immediately drawn. We will return to complete the 
transformations. 


For x= 1 .0 

1.1 

l.S 

i-S] 

1.4 


1.6 

1.7 

1000 

631 

328 

97 

—56 

— 1S5 

— 104 

IS 

— - 400 

—337 

— 268 






30 

33 

36 






1 

1 

1 







Here the first column was formed from that under af=i, 
by annexing ciphers according to the dimensions of the 
functions ; the 2nd and 3rd columns and the number 97 were 
found as- in the former Example ; the remaining numbers by 
difierencing and extending the series 1000,631,328,97. We 
have no need to continue the work, since the changes of signs 
in the principal results indicate the first digits of the roots in 
question to be 1.3 and 1.6. But if we proceed by farther 
difierencing to complete all the lines, the columns standing 
under these numbers will give the co-effidents of <p(i.3 + 
and without farther trouble. 

23. Assuming, then, that R has been determined, and 
R + SJ substituted for x in the proposed equation, thereby 
transforming it to 

A = -i- Hh 

it is to this latter equation that the andytical part of our 
theorem is more immediately adapted. Now the slightest 
degree of refiection will evince, that bur method is absolutely 
identical for all equations of the same order, whether they 
MDCCCXIX. T t 
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be binomial or adfected, as soon as the transformation in R 
has been accomplished. The following description, there- 
fore, of a familiar process in arithmetic, will convey an accu- 
rate general idea of our more extensive calculus, and obviate 
the necessity of any formal precepts. 

In Evolution, the first step is unique, and if not assisted 
by an effort of memory, could only be tentative. The whole 
subsequent process may be defined, division by a variable divi- 
sor. For an accurate illustration of this idea, as discoverable 
in the existing practice of arithmeticians, we cannot however 
refer to the mode of extracting any root, except that of the 
square ; and to this, only in its most recently improved state. 
Here, in passing from one divisor to another, two additive 
corrections are introduced; the first depending on the last 
correction of the root, the second on the correction actually 
making. And this new quotient correction of the root, since it 
must exist previously to the completion of the divisor by 
tsflbich it is to be verified, is required to he found by means of the 
incomplete divisor \ and may be taken out, either to one digit 
only, is mcst usual, or to a number of digits equal to that 
which the complete and incomplete divisors possess in com- 
mon. And farther, as these divisors may not, in the first in- 
stance, agree accurately even in a single digit, it is necessary 
at that stage of the operation, mentally to anticipate the effect 
of the new quotient, so as to obtain a sufficiently correct idea 
of the magnitude of the new divisor. 

«4,. This is an accurate statement of the relation which the 
ttxlumn headed by the first derivee bears to the analysis. The 
t^fkialning columns contribute their aid, as successively sub- 
10 eadi others the eontrihutions commencing with 
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the last or n — derivee, and being conveyed to the first 
through a regular system of preparatory addends dependent on 
the last quotient-correction, and of closing addends dependent 
on the new one. The overt and registered manner of con- 
ducting the whole calculation, enables us to derive important 
advantage from anticipated corrections of the divisors, not only 
at the first step, but, if requisite, through the whole perform- 
ance, and also, without the necessity of a minute's bye-calcu- 
lation, communicates, with the result, its verification. 

Let us trace the operation of the theorem as far as 
may be requisite, through the ascending scale of equatipns. 

1. In Simple equations , reduced equation maybe repre- 
sented by A = ax ; whence » = Now the theorem directs 

us to proceed thus : 

a A 

— or 
A' 

— . a/ 

A' 

— ar' 

A'" 

&C. 

precisdy the common arithmetical process of division, 
a. In Qjmdratks, we have A s=s <12 4. s;*, and proceed in this 
manner : 

1 


a 


A {r-\-r'^ 



3 « 4 j 


Mr. Horner’s new method of solving numerical 


the known arithmetical process for extracting the square 


root. 

g. At Cubic equations, the aberration of the old practice of 
evolution commences, and our theorem places us at once on 
new ground. We have here 

A = 



This ought to be the arithmetical practice of the cube root, 
as an example will prove. 

Ex. I. Extract the cube root of 

Having distributed the number into tridigital periods as 
usual, we immediately perceive that the first figure of the 
root is 3 s=a R. Consequently, the first subtrahend is R^sssay, 
the first derivee gR'assay, the second gRassp ; the third (ssai,) 
need not be written. Hence . . 


9 - 

87 . . 

48238544,(354, 

»7 

6 .. 

— 57 ® 




bibbS 

96/ 

337®- 

— 19656 

IB . 

filB. . 

4 

,—^ 433 ® 

1572544 



....<■1572544 

10841*'“' 

SSS^S®'" 



example the reader will perceive that no supple- 
m®#il|t,c^eratlc«i« are csoncealed. The work before him is 
complei©, smd may be verified toentally. I need not intimate 
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hoxv much more concise it is than even the abbreviated statement 
of the old process. (See Hutton’s Course.) 

The station of 1, 2, &c. numeral places respectively, which 
the closing addends occupy in advance of the preparatory 
ones, is an obvious consequence of combining the numeral 
relation of the successive root-figures with the potential rela- 
tion of the successive derivees. In fact, as is usual in arith- 
metic, we tacitly regard the last root-figure as units, and the 
new one as a decimal fraction; then the common rules of 
decimal addition and multiplication regulate the vertical ali- 
neation of the addends. 

26. The advantage of mental verification is common to the 
solution of equations of every order, provided the successive 
corrections of the root be simple digits : for the parenthetic 
derivations will, in that case, consist of multiplying a given 
number by sl digpt, and jpdding the successive digital products 
to the corresponding digits of another given number; all 
which may readily be done without writing a figure interme- 
diate to these given numbers and the combined result. For 
this reason the procedure by single digits appears generally 
preferable. 

Nevertheless, to assist the reader in forming his own 
option, and at the same time to institute a comparison with 
known methods on their own grounds, I introduce one ex- 
ample illustrative of the advantage which arises from the 
anticipatory correction of the divisors spoken of in Art. 24, 
when the object is to secure a high degree of convergency 
by as few approximations as possible. The example is that 
by which Newton eluddates his method. I premise as the 
depredators of Nbwton do, that it is an extremely easy 
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problem ; and I say this to invite comparison, not so much 
with his mode of treating it, as with theirs. 

Ex. II. What is the value of x in the equation x®— 8x3=5. 

The root is manifestly a very little greater than a. Make 
it jr ss a + and the equation becomes 

Hence, arranging the derivees, 

6 . 10 . . 1.000 ( 

6 

The first digit will obviously be so nearly 1, that by antici- 
pating its effect on the divisor, we are sure this will be very 
nearly 106. Hence 

10.6) i.ooo(.094 first correction 
The square is 94,® ==8836. 

Hence we have 

• • • • 

6 ... 10 i.ooooooooo(.o94, 

m ,-—572836 ,^993846584 

6o945<94!='' 10578836'" . 6i5g4,i6 

j88 581678 

8 

The first digit of the next correction will evidently be 5; 
the effect of which we have as before anticipated as far as 
one digit. The divisor will therefore be 1 1 158 correct to the 
last figure. Hence 

11158)6153416(55148, second correction. 

The square is 30413, &c. to 10 digits. 

Hence, 

6004 10572836 

188551481 ' 58167a . 6153416 

7t 2 ^ --3464701490^904 ^.^'615339878541781019 

,7«458«8s8i 

84,650058 
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Consequently, 

111 6143772)1 72145821 8p75( 1542326590,22 
This third correction is carried two places beyond the extent 
of the divisor, for the sake of ascertaining rigidly the degree 
of accuracy now attained. For this purpose, we proceed thus; 

628 &c. X 154 &c. =, 968, &c. is the true correction of the 
last divisor. Our anticipated correction was 1,000. For 
which if we substitute 968 &c. it will appear that our divisor 
should have ended in 1,678, &c. instead of 2. The error is, 
,322 &c. which induces an ultimate error of (111 &c. : 154 
&c. : :, 322 &c. &c. :),44 &c. Consequently, our third cor- 
rection should be ... . 1542326590,66, &c. agreeing to 10 
figures with the value previously determined. And the root is 
x=: 2.094551481542326590, &c.- 
correct in the 18th decimal place at three approximations. 

So rapid an advance is to be expected only under very 
favorable data. Yet this example clearly affixes to the new 
method, a charadter of imusual boldness and certainty; ad- 
vantages derived from the overt manner of conducting the 
work, which thus contains its own proof. 

The abbreviations used in the close of this example, are of 
a description sufficiently obvious and inartificial ; but in order 
to perfect the algorithm of our method in its application to 
higher equations, and to the progress by simple digits, atten- 
tion must be given to the following general principles of 

CampenMous Operation. 

27. We have seen that every new digit of the root occa- 
sions the resolvend to be extended n figures to the right, 
and the derivee n — m figures ; so that if the work be car- 
ried on as with a view to unlimited progress, every new 
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root-figure will be obtained and verified at an cxpcnce of 
^ » -f S) + 3 new lines of calculation, containing in all 

somewhat above f i . « + 4) digits more than the 

preceding root-figure cost. But as the necessity for unlimited 
continuity can rarely, if ever, occur, we may consider our- 
selves at liberty to check the advance of the resolvend, as 
soon as it contains one or two figures more than the number 
we yet propose to annex to the root. This will happen, 
generally speaking, when ~th of the numeral places of the 
root are determined. 

By arresting the advance of the resolvend, we diminish it 
in the first instance by an optional number (/>) of places, and 
by n places more at each succeeding step. Neglecting at the 
same time an equal number of figures in the right hand 
places of each closing addend and its derivatives, as contribu- 
ting nothing to the diminished resolvend, we thus cause the 
effective units’ place of each derivee to retrograde* in the first 
instance places, and at every subsequent .step, a 

number of places (m) equal to the index of the derivee. 

In the mean time, while these amputations are diminishing 
the derivees and addends on the right hand, a uniform ave- 
rage diminution of one digit on the left hand is taking place 
in the successive classes of addends in each column. The 

obvious consequence is, that after about j^,’th of the root* 


• As tho advance of the closing addend is prepared by annexing dots to the superior 
preparatory addend, so its retrogradation may be prepared by a perpendicular line 
fa^pning before the proper place (the m** or w + > — »*‘) of the said pieparatoiy 


an4 conriaiisd indefinitely downward. One dig?t, or two, of those which fall 
|ht of this Iloe in the next succeeding sum and preparatory addends, must 


^ ojf corretaffiy adjusting the effisetiw units of the 
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figures are found, the derivee will receive no augmenta- 
tion ; or, in other words, it will be exterminated when 

th of those places are determined. 

Again, when all the derivees inferior to M, the w*, have 
vanished, the process reduces itself to that of the order 
simply. For, the amount of the preparatory addends to L, 
the augmented derivee, will be 1 times the pre- 

vious closing addend ; and the preparatory addends to 
K, the m — 2*, will be formed from its previous closing addend 
^L, by adding oMrto it 2 times successively; a proce- 
dure obviously similar to that with which the general synopsis 
commences. 

28. From these principles we form the following conclu- 
sions, demonstrative of the facilities introduced by this im- 
provement on the original process : 

1. Whatever be the dimensions («) of the proposed equa- 
tion, whose root is to be determined to a certain number of 

places, only ^ th part of that number (reckoning from the 

point at which the highest place of the closing addend begins 
to advance to the right of that of the first derivee) needs to 
be found by means of the process peculiar to the complete 

order of the equation ; after which, may be found by 

the process of the n — reorder, - - .by that of the n — a** 

order, &c. 

a. Several of these inferior processes will often be passed 
over per sifttwn; and when this advantage, ceases, or does not 
occur, the higher the order of the process, the fewer will be 
the places determinable by it. And in every case, the latter 

MDCCCXIX. U U 
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half of the root will be found by division simply. Meantime, 
the number of figures employed in verification of each suc- 
cessive root-digit, instead of increasing, is rapidly diminishing. 

3. The process with which we commence, need not be of 
a higher order than is indicated by the number of places to 
which we would extend the root ; and may be even reduced 
to an order as much lower as we please, by means of an in- 
troductory approximation. 

Ex. III. Let the root of the equation in Ex. II. be deter- 
mined to the tenth place of decimals. 


Arranging the derivees as before, we proceed thus : 


6. . 


« 

i .oooooo*( .094551 48 1 5 

— - 

- 54s 1 

^^949329 






j .84 

10548 ; 

I " 

50671000 

63,74.— 

.8. 

5502 .. 

-44517584 


6153416 

|. . jfis 8« 

11129396/ 

5578825 

25112 

814 |^» 

1115764I92 

574591 

558055 


3 ^ 

Iji|il6ii)i6536(i48i5 

11161 


11161 

1 

3 

5875 

4465 


11161 

4 

910 

m 

17 

11 

6 


e 
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Consequently the root is 2.05445514815, correct to the pro- 
posed extent, as appears on comparing it with the more en- 
larged value already found. The work occupied a very few 
minutes, and may be verified by mere perusal, as not a figure 
was written besides those which appear. By a similar ope- 
ration, in less than half an hour, I have verified the root to 
the whole extent found in Ex. IL 
Ex. IV. As a praxis in case of the intervention of negative 
numbers, let it be proposed to extract, to a convenient extent, 
that root of the equation x® — yx =— 7, whose first digits we 
have already determined to be 1.3. (See Art, S2.) 

Making 47 == 1 .3 -|- x, we have 

.097 = — 1.93 X + 3.5 
Wherefore 


S9* 

5 

106 

4056.^'' 




I40| 

68 


— 193- 

I - - 

— 17345 — 
2000 .. 
a 433 6 


-1 5 o 8 1 6 4 
24372.. 


3® 5 


-148053] 

S®i 


44 


m 


76 

0 

16 . 


— 147791 

36] 

2 

— 1i4,7,653 




— 97(*056895867 

—86625 

— 10375000 
— ^9048984 


-^1326016 
— 1184430 

— 14586 
— 1329®3 


—8663 

—7383 

— 1280 
— 1181 


—99 
— 85 


— 10 
—10 
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Consequently the root is 1.35689,5867. This example was 
selected by Lagrange for its difficulty. 

Of its three roots, that which we have now found is the 
most difficult to obtain ; yet the whole work, including the 
preparatory portion in Art. ss, may be performed without 
one subsidiary figure, in less than a quarter of an hour. 

A little attention and practice will render the mental ag- 
gregation of positive and negative numbers as familiar as the 
addition of either sort separately. The introduction of a small 
negative resolvend, instead of a large positive one, where the 
opportunity occurs, will then greatly abridge the operations. 
For example, the cube root of a, or i.a6. . 

■— 007895010; 

I . 2599»io49895 

was determined to this extent, true to the leth decimal place, 
within as small a compass and as short a time as the result 
of Example III. 

Ex. V. As an example of a jfinite equation of a higher 
order, let the equation a:* + 4" 3^* •+• 4»^* + 5^^ ssa ^ 

proposed. The- root appears to be > », < g; arid the equa- 
tion s--" 9 is 

ao7 =s aoiJK -|- i5o»* 4- 59«8 4- izs!* -j- a?* 
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Wherefore the root is 3.638605803327, correct to the 
jsth decimal, and capable, like the former results, of being 
verified by simple inspection. The other roots are imaginary ; 
for when — a? = . 4,, the fourth derivee vanishes between 
two affirmative results, and when^^ — ar = ; 7 &c., the second 
disappears under similar circumstances. (Arts. 31, 33.) 

It appears to me, that no explanation of this solution can 
be offered, which has not been abundantly anticipated in this 
Essay; and the student who peruses it in connection with the 
General Synopsis, and Arts. 33, 37, will acquire an indelible 
impression of the whole algorithm. 

Ex. VI. If it were proposed to obtain a very accurate solu- 
tion of an equation of very high dimensions, or of the irra- 
tional or transcendental kind, a plan similar to the following 
might be adopted. Suppose, for example, ffie root of 
a?" =s i bo, or a? log a? = 3 

werp required correct to 60 decimal places. By an easy ex- 
periment we find w = 3.6 nearly ; and theiice, by a process 
of the third order, a? == 3.597385 more accurately. 

Now, 3597286 = 98x71x4,7x11, whose logarithms, 
found to 61 decimals in Sharpe’s Tables, give R log R = 
S.00000096658, &C. correct to 7 figures ; whence the subse- 
qii^t fimctioiis heed be taken out to 55 figures only. They 


aE;:is&Mod -f* log R=:.990?i6g4494<o8, &c. 
h =a Mod sR ass . . i, , 0*60364, &c. 




If the root is hpvi^ ^ihiade 


iTart,, 'thefith 

jcess ^ the e^fefAorder. 

de to advahoe by single digits, the firtt 


M0ccexK."' /'Xx. 
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of these will reduce the process to the seventh order ; one 
more reduces it to the sixth order ; two more, to the fifth, 
•&c. The last 37 figures will be found by division Rlone. 

But if the first additional correction is taken to 8 figures, 
and the second to 16, on the principle of Example II, we pass 
from the 8th order to the ^th at once, and thence to the 1st 
or mere division, which will give the remaining 39 figures. 
This mode appears in description to possess the greater sim- 
plicity, but is perhaps the more laborious. 

It cannot fail to be observed, that in all these examples a 
great proportion of the whole labour of solution is expended 
on the comparatively small portion of the root, which is con- 
nected with the leading process. The toil attending this part 
of the solution, in examples similar in kind to the last, is very 
considerable ; since every deriveo is at this stage to receive 
its ut'uoKSt digital extent. To obviate an unjust prejudice, I 
must therefore invite the reader's candid attention to the fol- 
lowing particulars : 

In all other methods the difficulty increases with the extent 
of the root, nearly tihrough the whole work j in ours, it is in 
a gr^at measure surmounted at the first step : in most others, 
there is a periodical lecurrence to first conditions, under cir- 
cumstances of accumulating inconvenience ; in the new me- 
thod, the given conditions affect the first derivecs alone, and 
the remaining process is arithmetically direct, and increasingly 
easy to the end. 

The question of practical facility may be decided by a very 
simple criterion.; by comparing the times of calculation which 
I wkh a similar datura by Dr. in favor 

of,li(^jtwh'&yariil^^ approximatiffiv (Philosophical 
Trair^actions for 1694,) ^ ^ 
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Addendum I. (Vide Art. 21.) Note. But in this case, it will 
be more elegant to find the differences at once by the theorem 

which, supposing r to be constant, is a sufiSciently obvious 
corollary to the theorem in Art. 7. All the results may then 
be derived from the first column by addition. Thus, for the 
latter transformations in Ex. II. Art. 22, the preparatory 
operation would be 


1st. Terms. 

Diff. 1st. 

2nd. 

Srd. 

1000 

—369 

66 

6 

— 4CC 

63 

6 


30 

3 




and the succeeding terms would be found by adding these 
diSerehces in the usual way to the respective first terms. 

Addendum II. It is with pleasure that I refer to the Impe- 
'rial Encyclopeedia (Art. Arithmetic) for an improved method 
of extracting the cube root, which should have been noticed 
in the proper place, had I been aware of its existence ; but it 
was pointed out to me, for the first time, by the discoverer, 
Mr. Exley, of Bristol, after this Essay was complied. It 
agrees in subst^ce with the method deduced in Art. 25, 
from my g^eral principle, and affords an additional illustra- 
tion of the affinity between that principle ahd the most lm- 
^myed prpc^^ of common arithmetfo^^'^ v 

m 

Ckvekmd-r^m^ Si, Jamu% 

Imim^ 
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XXII. An account of experiments for determining the variation 
in the length of the pendulum vibrating seconds, at the'Princi- 
pal stations of the Trigonometrical Survey of Great Britain. 
By Copt, Henry Kater, F. R. S. 

Read June 24,, 1819. 

Sefore I enter upon a detail of the operations which form 
the subject of this Paper, it may not perhaps be improper to 
give a brief statement of the occasion to which they owe their 
origin. 

The subject of weights and measures having for some 
time past been before the British Parliament, an Address 
was presented to His Royal Highness, the Prince Regent, in 
pursuance of a resolution of the House of Commons of the 
i5tfa of March 1816, to the follovrag effect. 

“ Resolved, that an humble address be presented to His 
** the Prince Regenti that he will be gra.- 

** clpitsly pleased to ^ve directions for aSceilahimg the length 

® the hititude 

^Xondoh, as compared with the standard measure in the 
MDCccxrx. Y y 
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“ possession of this house, and for determining the variations 
« in length of the said pendulum, at the principal stations of 
“ the Trigonometrical Survey extended through Great Bri- 
“ tain ; and also for comparing the said standard measures, 
“ with the ten millionth part of the quadrant of the meridian, 
“ now used as the basis of linear measure on (a pari of) the 

continent of Europe.” 

In consequence of His Royal Highness’s compliance with 
the prayer of this Address, an application was made by His 
Majesty's Ministers to the Right Honourable Sir Joseph 
Banks, requesting that the Royal Society would be pleased 
to afford all the assistance in their power for the accomplish- 
ment of the objects therein mentioned; and a Committee 
was appointed for that purpose, of which I was named a 
member. 

The length of the pendulum vibrating seconds in the lati*- 
tude of London, and that of the French m^tre having been 
determined, it remained to ascertain the length of the pen- 
dulum at the principal stations of the Trigonometrical Survey. 

This work the Royal Society did me the honour to request 
I would undertake; and the ready compliance of Govern- 
ment with every requisition I made through Sir Joseph 
Banks, for that assistance without which my success might 
have been doubtful, led me to devote with pleasure my time 
and labour to this highly interesting enquiry. 

The instruments with which I provided myself were, a 
transit by Dolland, of three feet and a half in length, con- 
structed on the same principle as the transit at the Royal 
OhserVatory at Greenwich, so as admirably to combine light- 
ness wliji strength. 
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A repeating circle of one foot diameter by Troughtost, 

A clock and a box chronometer by Arnold, for the loan 
of which I was indebted to Henry Browne, Esq. F. R. S. and 

An invariable, pendulum with its support, a description of 
which will be given hereafter. To these was added, a chest 
of tools of various kinds. 

A small light waggon was constructed at the Royal Arse- 
nal at Woolwich, for the conveyance of these instrum^ts, 
and a party consisting of a non-commissioned officer, two 
gunners, (one a carpenter), and two drivers with four horses 
of the Royal Artillery, was placed under ray orders : a bell 
tent, and two others of a smaller description, were issued, 
which I found particularly useful. 

His Royal Highness the Commander in Chief was pleased 
to direct that I should receive such military assistance as 
might be necessary for the safety, of the instruments at the 
ffiflferent statioiK, and for the use ed" batracks, where I might 
find them suited to my experiments ; and an application be- 
ing also made to the Admiralty for a vessel to convey me to 
the Shetland Islands, His Majesty’s sloop of war the Che- 
rokee j commanded by Capt. T. Smith, was ordered to re- 
ceive me at Leith, and to bring me back to Scotland. 

Thus liberally provided with all that could tend to faeiii-. 
tate the success of my undertaking, I left London on the 
a^th June with Lieuti Franik of the Royal bJavy, a gentle- 
man whose fondness for sderice induced him to .accompany 
and arrived at Leith <hi the eyi^ting of thb i^fh 
, pere^^ enquiry I found. Cherokee not 

dered tli^it any reqtusition I made should be a>mplied with, 
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and His Majesty’s sloop the Nimrod, commanded by Capt. 
Dalling, being in the harbour, she was directed to prepare 
immediately for sea, and on the ist July, her provisions be- 
ing completed, I embarked ibr Unst. 

Having put into Lerwick for two days, I availed myself of 
the opportunity to present a letter of introduction to Dr. Ed- 
MONUSTONE, and to obtain one from him to his brother Tho- 
mas Edmondstone, Esq. of Unst, to whose hospitality I was 
aware I must be indebted during my stay on that Island. 

On the gth July we arrived at Unst, having been joined on 
the voyage by the Cherokee, bearing an order from the Ad- 
miral commanding at Leith to relieve the Nimrod. To both 
Capt. Dalling and Capt. Smith I feel myself much indebted, 
not only for their judicious arrangements for the safety of 
the instruments, but also for the personal kindness and at- 
tention I experienced from them. 

At Unst, I was welcomed on the beach by Mr. Edmond- 
stone, who had received notice from his brother of my 
intended visit ; and I immediately proceeded to examine the 
buildings which surrounded this gentleman's house, to se- 
lect a place proper for my experiments. I at length chose 
the shell of an unfinished cottage nearly adjoining to the cow- 
house, in which the preceding summer M. Biot had made his 
observations on the pendulum when he visited Shetland on 
the part of the Institute of France. One wall of this cottage, 
upwards of three feet thick, was ancient, though the rest of 
the building was modern, and it seemed to promise suffi- 
cient stability for my purpose. 

' It ig now necessary to give a description of the apparatus I 
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The pendulum was, composed of a bar of plate brass i ,6 
inches wide, and rather less than the eighth of an inch thick. 
These dimensions were chosen that the pendulum and the 
thermometer placed near it, might be affected with equal 
readiness by any change of temperature. A flat circular 
weight nicely turned, and pierced in the direction of its dia- 
meter to receive the bar, was slid upon it, and fastened with 
screws and rivets at such a distance from the knife edge which 
served as the point of, suspension, and which will presently 
be described, as that the pendulum made two vibrations less 
than the pendulum of the clock, in eight or nine minutes. 
The inside of the weight having been previously tinned, it 
was exposed to a sufficient degree of heat to solder it to 
the bar. ' 

That part of the bar which was below the weight, was 
reduced to the width of inch, and - covered with black 
Varnish, in order to 'enable me the better to observe its coin- 
cidence with the pendulum of the clock, in the manner which 
has been fully described in the Philosophical Transactions 
for 1818, in an “ Account of Experiments on the length of 
the Pendulum vibrating seconds in the latitude of London.” 
With the contents of this Paper I shalT suppose a previous 
acquaintance, as an occasional reference to it will save much 
repetition'.' - 

/‘ To the top of the bar, a strong cross piece of brass was 
hnmly riv/eCted and soldered, and a triangular hple , having 
made in the bar, a knife edge was; passed through it, 
and a perfect contact l^tween the tech (^ thb Imife^ 

Ife' insured fay giihdfeg them together; It 

was then seciired in its place by two screws* the heads qf ; 
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which were sunk in the cross piece, and having been warmed, 
were dipped in pitch to prevent the possibility of their being 
loosened by the motion of the waggon. 

The knife edge was made of wootz, precisely in the same 
manner as described in the experiments on the length of the 
seconds pendulum, its ultimate angle being about 120°. The 
length of the bar from the knife edge to the extremity was 
about five feet, and it terminated in an obtuse angle, serving 
to indicate the arc of vibration. The weight of the whole 
pendulum was 15 lb. 2 oz. 

The perfect immobility of the point of suspension being of 
the utmost consequence, every precaution was taken by the 
arrangement of the form, and by the weight of the frame 
destined to carry the pendulum, to oppose the lateral force 
which might result from its vibrations. 

The frame was of cast iron ; the horizontal part was ig 
inches long, 17 wide, and half an inch thick. The back, three 
inches In width, at right angles to the length was pierced 
with three equi-distant holes in the horizontal direction, to 
rec^e very large screws about five inches long, with coarse 
threads destined to attach the frame to pickets of wood driven 
Into a wall. Two brackets were firmly screwed to the under 
part of the horizontal frame ; these brackets were bevilled so 
as to spread at the bottom to the width of three feet, thereby 
opposing more efiectually any disposition to lateral motion. 
In the lower extremities of the brackets, two holes were made 
for screws similar to those above mentioned. The weight of 
llie frame was 87 lb, 

, 4 W metal support, famished with agate planes on which 
ed^e of was to rest, varied but little 
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from that described in the Philosophical Transactions before 
referred to. It was contrived in such a manner as to be 
attached to the iron frame by three screws, and was levelled 
by placing thin sheets of lead between it and the frame, a 
method which was preferred from its promising a great degree 
of firmness. 

An arc divided into degrees and tenths for ascertaining the 
extent of the vibrations of the pendulum, was attached to a 
piece of wood which fitted into the opening of the door of the 
clock case. 

Expansion of the pendulum. 

When the bar of the pendulum was prepared, previous to 
the weight bemg soldered to it, its expansion was determined 
in the same manner as is described in the Philosophical 
Transactions before referred to. The results were as follow : 


Distance between the lines on the Bar 39^54 
inches. 

Highest 

Temp. 

Lowest 

Temp. 

Diff. of 
Temp. 

Div. of 
Microm. 

Expansion in parts 
of the length for 
each degree. 

0 

I 25 jO 

125,0 

99,0 

73.8 

56.3 

99.0 

73.8 

63.0 

68,7 

26,0 

25,2 

10,5 

648 

245 

220 

91 

,00001022 

,00001021 

,00000946 

,00000938 

Mean 

wmmm \ 


•Hence the expansion of the pendulum appears to.be 
,00000382 parts of its length for each degree txfthe therBio» 
meter; and the corresponding correction to he applied to the 
nuiliber of vibrations in 24 hours for such change of tempera* 
ture will be 0423. 
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Operations at U/ist. 

I have remarked, that I selected for my experiments at 
Unst, an unfinished cottage, one of the walls of which was 
three feet thick. This was composed of irregular masses of 
serpentine, which I feared might be loosened by driving in 
the pickets to which the iron frame was to be screwed. 
Happily, however, I found the pickets act as wedges, and 
secure the stones more firmly in thpir places. The pickets 
driven into the wall were of oak, and were upwards of three 
inches in diameter, and more than a foot in length. To these 
the iron frame was firmly attached by its five screws, and on 
the evening of the loth of July, I had the satisfaction of find- 
ing it as securely fixed as I could possibly desire. 

Two pieces of deal plank two inches and a half thick, were 
next fastened by long nails to the wall. To these the clock 
case was screwed at such a distance beneath the iron frame, 
as that the end of the brass pendulum might reach a little 
below the centre^ of the pendulum of the clock, and the clock 
was then put in, beat, by moving the bottom of the case to the 
right or left, and when properly adjusted, the screws were 
tightened. The bell metal support was next put in its place 
and carefully levelled, and the pendulum lodged in the Ys 
elevated for that purpose. 

The triangular stand carrying the telescope, described in 
the paper on the seconds pendulum before referred to, was 
firmly screwed to pickets driven into the ground at about eight 
feet and a ha|f in front of the clock ; and the Ys which sup- 
the pwdjjlum being lowered till the knife edge rested 
oa agate pjanes, the diaphragm of the telescope was 
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adjusted so as for its edges to coincide exactly with those of 
the extremity of the pendulum. The next step was to bring 
in a right line, the telescope, the extremity of the pendulum, 
and a white circle of the same diameter pasted on a black 
ground on the centre of the pendulum of the clock. For 
this purpose both pendulums being at rest, the telescope was 
slid laterally on its support* until a small particle of the disk 
was seen, and a mark was made on the support of the tele- 
scope with a pendl. The telescope was now slid in the 
opposite direction till an equal portion of the disk became 
visible, when another mark was made, and the telescope being 
placed so as to bisect these two marks, the centre of the object 
glass would evidently be in the prolongation of a line joining 
the white disk and the extremity of the pendulum. 

The diaphragm was next brought by the circular horizontal 
movement of the telesoope to correspond with the edges of the 
pendulum, and the divided arc for indicating the . extent of the 
vibrations was placed so that its zero coincided with the 
extremity of the pendulum. ... 

The same thermometer which was used in my former ex- 
periments and for the loan of which I was indebted to the 
kindness of Dr. Wollaston, was suspended on the clock case 
near the middle of the pendulum, and every thing being thus 
arr^ged, the pendulum of the clock was put in motion, and 
the knife edge elevated by means of the Ys a^bove the agate 
planes, to prevent any injury when not in u®, , 
i/^%m.;Sttppor the transit insfrupj^t JfecaEae 

and for tbib box hearly 

soi'as to be witiiui the limits (xf 
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filled with saiul, upon which a Hal .stem* wa.s laid. Ihit as 
this did not prove se steady a.s I expected, a larger Mono was 
afterwards pnx'urcd and laid upon the Uox.and upon tlu.s the 
transit was placed. 

The hell tent before ntenlionod was .su.spcntlcd over the 
transit from three .spars lashed together at the top. 

The inlm'd of time between the tratt.sits of the same star 
being all that is rc(}uircd for the present purpo.se, it i.s not 
necessary that tlie transit in.strument .should he accurately in 
the meridian ; it i.s sidllcient that it .sliould always de.scribe 
the same vertical circle ; it was however brought very near 
the meridian, at all the stations, by the following method : 

The error of the chronometer was determined by altitude.s 
of the sun, and the times were computed when the first and 
last limb would be on the meridian. 

The axis of the transit wa.s carefully levelled, and a little 
before the time of the sun’.s finst limb coming to the meridian, 
the middle wire of the transit wa.s brought in contact with it, 
and kept so by the horizontal ad^juatment till the calculated 
time of Us arrival on the meridian. The position of the instru- 
ment was afterwards farther corrected if necessary by the 
transit of the second limb. At other of the .stations, when 
the weather permitted, the instrument was brought extremefy 
near the meridian by the transit of the jjole star, the telescope 
being sufficiently powerful to command this .star with ease, at 
any time of the day. 

A mark (generally a flat board sharpened at one end to 
penetrate the ground) was sent to as great a distance as con- 
ytj£hlpiP1:**iaiid placed by signal, that it was bisected by the 
. of the itransit ; and to this the insfiruitienit was 
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carefully adjusted previously to every observation. The pre- 
ceding detail may serve, with very little difference, for each 
of the stations, and I have been thus minute in my description 
of the various adjustments necessary, in order that no diffi- 
culty may be experienced by any who may use the pendulum 
after me. 

In observing the time of the transits, the chronometer was 
used, and was found to be particularly convenient from its 
beating half seconds. As soon as possible after the passage 
of the star, the chronometer was carefully compared with the 
clock, and the difference being applied to the time of the 
transit shown by the chronometer, and also the computed 
gain or loss of the clock during the interval between the 
observation and the comparison ; the time shown by the clock 
at the instant of the transit was obtained. 

These comparisons, as well as tl|e whole of the data neces- 
sary for the examination of the results given in this pajper, 
will be found in the Appendix, 

The climate of Unst, at the season when I visited it, is such 
as to render the opportunities for celestial observations ex- 
tremely rare. I had been informed, that the months of July 
and August were the most favourable, but on the contrary, 
*I learnt on my arrival that they were considered the least so 
of any of the year, the atmosphere bemg generally clearest 
in May and September. Dense fogs and light rains suc- 
ceeded each other, rarely permitting a sight of tlie sun j and. 
it ^8 ncA until the a»d of July, that I was aWd first to observe 
"transits of a fetv stars.'.' •'.'•v'*:""'-'' . 

The following table contains the observations for the rate 
of the clock at tfnstj derived from the table of transits given 
in the Appendix. 
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July 

July ' 14 . 

July n* 

.luly Jid. 

Jftily * 3 % 

lulv 
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\u in. s. 

h. m. s. 

ti. m. s. 

Ik in. 

l>. 111. s. , 

'^The Sun 

1 e ♦ w ; 

o-‘ 3-59*32 
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Arctarus 

6.14.18114 
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i 

» ft 



« Serpentis 
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in, 6,1 
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*V 

et r.yiaj 

10.375 

. . . 

10.^7 

ft ft ft 


tn.18 Uft t 

a Orioiji«5 



# • « 

* « 


. . . 


From tlio above data the fbllowhig; rates of tlu* cloek were 
obtained, by dividing the dillensux; between the limiis o(’ the 
transits of each star l)y the interval in days, and subtracting 
this from the acceleration of the fixed stars in 24, 

hours. To this, which is the rate of the cloe.k in a sidereal 
day, the gain of the clock (o', 14) in four minutes was added, 
to obtain the rate for a mean solar tlay. 
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On the a^d July I began to observe coincidences, in the 
manner described in my Paper on the length of the seconds 
pendulum. Two series, each of ten intervals were taken 
each day ; these are given at large in the Appendix, the 
results were as follow : 


Vibrations of the pendulum at Ukst- 
The clock making 86450,63 vibrations in a mean solar day* 

Date. 


Barometer. 

Tliermom. 

Vibrations 
in 24 hours. 

Correctibh 

for 

Tcimp, 

Vibrations 
in 04 hours, 
at 62 degres. 

July 23 

34 

25 

26 

27 

28 

P. M. 
P. M. 
A. M. 
P. M. 
A.M. 
P. M. 
A. M. 

Thei 
A.M. 
P. M. 
A.M. 
P. M. 

30,00 

30,30 

29>90 

29,82 

29,84 

29 » 7 » 

39 » 9 S 

capement 

29,9? 

30,00 

JOsiS 

30,2a 

6 

584 

59.3 

57.3 

59.7 
S 7 >'/ 

59.0 

57.8 

was oiled 
S< 5.8 

57.* 

54.3 

58.0 

86093,78 

86093.14 

86093,33 

86092,4; 

86093,12 

86092,24 

86092,37 

without stoppii 
86091,69 
86091,63 
86093,5 1 
86091,57 

1,53 

1.14 

1,99 

0.97 

1,82 

1,27 

1,78 

ig the dof 
. 2,30 

2,03 

3.36 

1,69 

86092*26 
86092,00 
86091,34 
86091 148 
86091,30 
86090,97 
86090,59 

:k* 

86089,49 
86089,19 
86089,2 c 
86089,88 

Mem 

29,98 

57.8 


i 

1 

86090,74 


The numbers in the above Table are deduced from the rate 
of the clock (gaining 50*, 63} between the ssd and a8th of July. 
For any other interval and rate, the mean of the vibrations 
during such interval is taken, and the difference between 
the corresponding rate and 50*,% is added to, or subtracted 
from such mean number of vibrations accordingly as the ratS 
of the clock has increased or diminished. The same method 
is fjursued in all the subsequent experimentsi. In this manner 
the results contained in the next following table under the 
head of “ computed vibrations in a mean solar day” were 
obtamed/ 
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The invariable pendulum furnishes a means of severely 
checking the rate of the clock; for should any alteration 
occur, it immediately indicates it. Thus on referring to the 
preceding table of ** vibrations of the pendulum at 6*2®/’ it 
appears that from the ssd to the 98th of July, a gradual in- 
crease in the rate of the clock iiad taken place, amounting in 
the whole to a quantity equal to 9,5 vibrations of the jncndulum, 
or 0,5 of a vibration in every 24 hours. 

The rate of the clock, is that due to the middle time of the 
interval between the transits from which it is deduced. The 
number of vibrations of the pendulum is obtained for the 
mean of the times at which the coincidences were observed. 


If this mean should not coincide with the time for which the 
rate of the clock is obtained, and the rate of the clock should 
be variable, the number of vibrations of the iicndulum com- 
puted on such given rate must evidently be cu-roneous. If 
the mean of the interval of the transits should be before the 
meirn of the times of the coincidences, the number of vibra- 
tions in the present casii of an accelerating rate, be in 
■ coincidences, they will be in 

; the change of rate must be added 


or subtracted accordingly. On this principle the corrections 
were c^iiulated and the lesults obtained, which are cont^ad 
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By the Stars. Unst. 

From 

To 

Computed 
Vibrations 
in a mean 
solar day* 

Mean of 
Transits B 
or A coin- 
cidences. 

Correc- 

tion. 

Corrected 
Vibrations 
in a mean 
solar day. 

No. of 
Stars 
observed. 

Inter, 
of ^ 

Transit. 

July. 

July. 


h. m» 





33 P. M. 

38 P. M. 

8609O171 

B. I. 27 

+ ,03 

8609(5,74 

+ 

6 

33 P. M. 

28 A M. 

86090,93 

A. I. 58 


86090,89 

I 

S 

33 P. M. 

35 P. M, 

86090,59 

B. 3. 37 

+505 

86090,64 

3 

3 

26 A. M. 

28 P. M. 

86090,76 

B. 5. S3 


86090,88 

+ 

3 



By the Sun 





34 P. M. 

38 A.M. 

86090,85 

A. 1. 20 

— *03 

86090,82 

2 

4 

34 P. M. 

36 A, M. 

86090,55 

A. 0. 58 

-«,02 

86090,53 

2 

2 

36 P. M. 

j 28 A. M. 

86090,90 

B. 6 . II 

: HhllSi 

86091,02 

2* 

1 * ^ 


We have now to consider what authority attaches to each 
result, so that we may employ all the observations in obtain- 
ing a mean, and yet give to each set that degree of weight 
only to which it is entitled. 

The accuracy of any one result will evidently in the first 
place depend on the number of stars observed from which 
the rate of the clock is deduced ; and on this head as may be 
^en by examining the table of transits, there is little proba- 
bility of serious error. 

But the position of the transit intrument with respect to 
the meridian mark, requires the most minute care, and I soon 
discovered that to thisj and to the accurate levelling of the 
axis, it was necessary to pay unceasing attention, as a devia»» 
tion equal to the diameter of the sUkwcnrtQjs thread 
focus of 4he eye glass, Would occ^pH; an eripr in time 
of the tranrit of a star amountinjg teni^ of a 

second.'' ■ . ' 
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The effect of this error on the daily rate of the is 
lessened in proportion to the miinher of days comprised 
between the two transits; for if the rate of the cltx'k be 
deduced from transits observed on two successive days, the 
whole amount of the error arising from any <l{‘viation of the 
instrument from the meridian mark, will be included in the 
rate; but for any longer interval, it is divided by the nuinher 
of days constituting such interval. 

In order therefore to obtain a true mean, if ajtpe.irs that 
each result should be multiplied by the prodiu't of the? number 
of the stars into the interval between tiie observations, and 
the sum of such final products bo divided by the sum of the 
factors. 

Observations of the sun are perhaps less entitled to credit 
than those of the stars, as in consequence of an apparent 
wavering of the meridian mark, some tlcgrce of uncertainty 
frequently exists in adjusting the transit instrument; setting 
this aside, a transit of both limbs of the sun fnay be comidored 
equal to the transits of two stars. 

Frooeedlng In the computation in the manner just descHbod. 
we obtain vibrations of the pendulum in 34, hour.s, 

by the observations of the stars, and ^6090,7$ by those of the 
sun. But from what has been said, these results are entitled 
to credit in the ratio of the sums of their factors, that is, as 
30 to 16 ; the final mean is therefore $6030,77 vibrations in 
a mean solar day. 

The force of gravity decreasing as the square of the dis- 
tanee from the earth’s centre increases, the next step is to 
oprre^tibn on this supposition for the height of the 
nbove lewsl of the sea. As the square of tlie 
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number of vibrations of the pendulum represents the force of 
gravity, we have this simple rule : convert the height of the 
station into the decimal of a mile, and divide it by the radius 
of the earth (3954,583) the quotient is the factor by which 
the number of vibrations in 24 hours being multiplied, the 
product will be the correction required. 

But the quantity thus obtained is evidently erroneous, being 
founded on the supposition that the experiments are made on 
an elevation having no attractive matter surrounding it ; and 
it is observed by Dr. Young, in a letter which that eminent 
mathematician addressed to me, and which is published in the 
Phil. Trans, for 18 ig, entitled “ Remarks on the probabilities 
" of error in physical observations, and on the density of the 
“ earth, considered especially with regard to the reduction 
“ of experiments on the pendulum that “ if we were raised 
“ on a sphere of earth a mile in diameter, its attraction would 
“ be about ■5^^ of that of the whble globe, and instead of a 
“ reduction of in the force of gravity, we should obtain 
“ only much. Nor is it at all probable, that 

“ the attraction of any hill, a mile in height, would be so little 
“ as this, even supposing its density to be only two thirds of 
** the mean density of the earth. That of a hemispherical 
** hill of the same height would be more than half as nhich 
“ more (than the sphere) or in the proportion of* 1,586 to i. 

And it may be easily shown, that the attraction of a large 
** tract of table land, considered as an extenal^ Bat s«ifa<^ a 
mile ’&1-. thicknessi Would bU ' thtee of 

■ M Wsphiera'#;MliVln;diametet'? ad-graat'^as that, 

'sb'that^ 

^*:dor a fdace sd situitted, thd^lldwartdie for eleWitidh would 
** be reduced tt> r and in aliUost any UoUntt'y that 
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“ be chosen for the (‘Xpcrimcnl, it must remain Ic.ss than thi cr 
“ fourths of the whole corrcctuui tlctlucetl iinmctliatcly froin 
“ the duplicate proportion of tlic distance, s from the earth's 

centre.” 

By this interesting, and I believe new view which Dr, 
Young has taken of the subject, it appear.s that the corrcctiini 
for the elevation above the .sea, will vary (according to the 
nature of the eminence and al.so its density) from one half t<» 
three fourths of the quantity before deduced from the .s(juares 
of the distances from the cartlr.s centre, and if the ineati den- 
sity of the earth be taken at 5,5, and that of the inattei .sur 
rounding the station at a, 5, Dr. Young is of opinion, that the 
quantity deduced from the -duplicate ratio of the distances 
should he multiplied by to obtain the correction for .1 
table land, and by for that of an eminence of moderate 
declivity. 

By careful levelling, the height of the station at Unsl abovt* 
low water, was found to be »8 feet; whence wo have 0,1a 
for the correction deduced from the squares of the distanco-s 
from the efi«b> centre, and as the station at Unst was sur- 
rounded. by hills composed of serpentine, I shall take o,i» x i 
css 0,06 for the correction to be applied in order to obtain tlio 
number of vihmtions wliich would be made at the level of 
the sea, 

, The last correction to be found, is for the buoyancy of the 
atmosphere. The manner in which this correction is derived, 
has been ful^y explained in the ** Account of experiments for 
V ^determining the length of the seconds pendulum " before 
tp. Tbf, specific graivldes of the weight and bar of 
SI»<«W3^t«r|nined. That of the bar 
.was weight 8,^8, .Thei^c 
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gravity therefore of the whole pendulum may be taken at 
8,610, 

The mean height of the barometer during the experiments 
at Unst, was £9,98 inches, and that of the thermometer 57,° 8. 
The weight of water is to that of air at 39,37 inches of the 
barometer, and 53® of the tlierraometer, as 836 to 1 , and the 
expansion of air for each degree of the thermometer is 
of its bulk. From these data we find that the specific gravity 
of the pendulum was to that of air, at the time of the experi- 
ments, as 7099 to 1. The square of the number of vibrations 
must therefore be increased pat't, or 6,07 be added to 
the number of vibrations in 34 hours, to obtain the number 
of vibrations which would be made during the same period in 
vacuo. 

These corrections being added to the mean number of 
vibrations before giveWif we have 86096,90 for the number of 
vibratiohs made by the pendulum In a mean solar day, in vacuo 
at the level of the sea. 

The very unfavourable weather which I experienced at 
Unst, prevented my obtaining so many observations for the 
rate of the clock, as I could have wished ; but though the 
greatest difference between the seven Resulting numbers of 
vibrations amounts to so much as 049; ! think it probable, 
after a careful examination, that the final losult naust be 
witMn one tenth of: a vibration of the tru(th. 

On the srgd jfuly, I was so fortunate as to obtain rnie series 
of tei^lt^onaa observations of the sun^ i^th tbe fepeatfeig 

ofvthersbttibfif'''^^ wtil"be-;4given 
:.herea(fter,'anc.^.thei9lhl„wl»^i^vbn'boa 
ahd'iiobklaave'Ofiny whose 

-BiordhilL^ ■■ 
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done but justice, and has left iu<‘ iiothiiijjf lu ath!, but that i 
experienced from liim evory atteiiliitn that eoiild e»)nlril)!it.* ti> 
my personal comfort, and every anxious i‘.st>ilion that eould 
tend to forward the enquiry in which I was engaged. 

OperaLms at Porlstiy. 

On the first of August I arrived at Pi>rtsoy, tuNir to which 
is Cowhythc, the next .station of the trigononietrieil .survey, 
which I proposed to connect with my oh.serviition.s, and after 
much search fora place suited to my experiment.s, wa.s kindly 
favoured by the Rev. Mr, (Jrant, with the u.se of his seho(}I« 
house, which was perfectly adapted to the purpo.se, the walks 
being thick, and firmly built of seritcntine. I wa.s also so 
fortunate as to obtain accommodations for myself, at a house 
belonging to a gentleman of the name of Watson, immedi- 
ately adjoining the school-house, and whose garden aUbrded 
an excellent situation for the tran.sit in.strument. 

On the 5th August I commenced the ob.servatlon.s detailed 
in the Appendix, from which is extracted the following table 
for obtaining the rate of the clock ; 


Tranthi obier?«d at Poetioy. ut Smet* 



Aaguit 5 » 

Augun e* 

Aupitr* 

Aupst B * 

Angmt sOf 

Auguit II. 

h\ipm I 5 ii 

The Sun 
Arcturui . 
d Ophiucm 
f Opbiuchi 
e Serpentis 
m hyrm 

a 

h 

^ Aqi;^ 

» AquilM 

h* m* 9 . 

9 - *' 3 S '99 
9 *S '*|*99 

p.44.io,*a 

10.16.29,86 

10.38.51,58 

P'SS'ip* 

b* itn» 8« 
0,1441 i6a 

S.364a»6o 
* * • 

1** * • 1 

« * 

f * 

« * 

• 

* « 

* 

1 ' * # 

h. m. «. 

o.»S- 7.9s 

« 4 • 

« * 4 

» « « 

« M 4 

2 4 * 

* « 4 

• * • 

» 1, • 

* * * 

h. m. 9* 
0.15.56,56 
e*! 1 

8.50. 1,45 
8 . 5 *.* 9 , 7 o 

9.15.19,73 

9 . 3 fio,i 9 

t • * 

« 4 * 

• « « 
10.45. 

h. m. 1. 
0.16.58,85 
4.46,51 
8.13 38,67 
8,45.56.85 
9. 8,46,76 
9 .* 7 . 37 .j'» 
9 .S 3 .»a.M 
9.59.SM4 

10.58,55,49 

h, m« t* 

* * • 

N » * 

8 10.13,59 
8,41.41,94 

9 5 - 3*.03 
9 3.(.22,Sa 
9 50. 7.81 
9., 6. 36,51 
10.18.40.5t 
10.35.10,47 

H* nu )ti 
0.17.4*, 63 
4 . 5«.>&.63 

8.16,58,51 
8.39.16,94 
9. 1.17,04 
9.11. 743 
9.46.51.91 

9 53 .»«« 6 i 
10.15.15,11 
10.51, 5,53 


• rates of the clock 

larixed. 















Rate die dock at PoaTsOT, ist Series.— f Gaining.} 



These aier^t«i. 
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From the detail of the a )inci<loncc.s observed af I*i)riso\ 
given in the Appendix, and from the rale of tlu! rloek from 
the ^h to the isth, is derived the following 'lahle. 


Vibrations of the Pendulum at Portsoy, ist. S< ties. 

The clock making 86437,63 vibrations in a mean solar day. j 

Date, 


Baronietct. 

I'ltCItUiUtl. 

m Ai himrR. 

Cornctum 

hn 

Trmi>. 

Vtl>i tft» n , 

>n 1 h* tn , 

»t drgrn . 


A. M. 

29*95 

0 

64,8 

$608^.31 

i.iH 

S6nH6,7* 

Aug. 6 

P. M 

30,00 

65,2 

86^)84,19 

».?5 

SbnH^,54 


A. M 

29,89 

< 52*3 

86083,09 


86083,22 

7 

P. M 

29,88 

62,6 

86082,30 


H6uH2#f J 

0 

A. M 

30>05 

58.8 

8608 1, 6 1 

^ 3 ? 

86080,26 

0 

P. M, 

30,09 

60,? 

8608 i.ti 

0,63 

86080,48 


A. M. 

30,04 

60,4 

86080,13 

0,68 

86079,4s 

9 

1 *. M. 

30,04 

60, ? 

86078,63 

0,63 

86078,00 


A, M. 

30,10 

S8,8 

86078,39 

11.35 

86077,04 

xo 

1'. M. 

30,10 

(>0,3 

86077,56 

0,7a 

86076,84 


A. M. 

30.28 

5(1, (> 

86078,44 

2,28 

86070,16 

X 1 

I'.M. 

30*27 

60,0 

86077,34 

0.83 

86076,49 


A M. 

30,a6 

S 9'2 

86076,9; 

1,18 


1 % 

P. M. 

30,27 

01,3 

i 86(176,511 

(>,<U 


Mean 

¥ • 

30.09 

60, H 



86079,6/ 


On examining the preceding Table, it appears that the rate 
of the clock had pretty regularly increased to the surprising 
amount of io',5i in the space of 7 days; which is an accele- 
ration of i%s in every ^4 hours ; on this I shall have occa- 
sion to remark hereafter. From the foregoing data the fol- 
lowing Table of the corrected vibrations of the pendulum in 
a mean solar day was computed, in the manner which has 
been before detailed. 
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By the Stars, Portsov— .ist Series. 

From 

To 

Computed 
Vibrations 
in a mean 
solur day. 

Mean of 
Transits B 
or A coinci. 
dences. 

Correc- 

tion, 

Correctecl 
Vibrations in a 
mean solar day. 

No. of 
Stars 
observed. 

Inter. 

of 

Transits. 

August. 

August. 


h* m 





6 A.M. 

8 i». M. 

86079,50 

B. 1.17 

40,08 

86070,58 

4 

3 

6 A.M. 

10 P. M. 

86079,65 

B. 1.17 

+0,08 

86079,71 

5 

5 

6 A.M, 

u P.M. 

86079,69 

B. 1. 14 

40,08 

86079,77 

6 

6 

6 A.M. 

iz P. M. 

86079,62 

B. 1.13 

+0,08 

86079,70 

6 


7 A.M. 

8 P.M. 

86079,44 

[B. 2.23 

+0,16 

86079,00 

X 


9 A. M. 

10 P. M. 

86079,81 

B. t.4Z 

40,10 

86070,0 X 

6 


9 A. M. 

It P.M. 

86079,81 

B. 149 

+o,n 

86079,9a 

s 


9 A. M. 

it P. M; 

86079,65 

S* 1-s® 

40,11 

86079,76 

s 


u A. M. 

II P.M. 

86079,86 

B. i.co 

+0,11 

86079,97 

7 


IX A.M. 

I* P* M. 

86079,61 

B. a.i8 

+0,14 

86079,7s 

8 

a 

12 A. M. 

12 P. M. 

86079,30 

B. i. 3 « 

+0,09 

86079,39 

8 



6 P. M. 

7 A.M. 

86079,48 

A. 1.22 

-..- 0,08 

86079,40 

2 

■H 

6 P. M. 

8 A.M. 

86079,48 

A. 1.20 

.«^o,o 8 

86079,40 

2 

2 

6 P. M. 

JO A« M. 

86079,82 

A» I. 2 X 


86079.74 

a 

4 

6 P. M. 

le A. M. 

86079 *?f 

A. MS 


86079,70 

2 

6 

7 P. M. 

8 A.M. 

86079,48 

A. I.I 9 

— OioS 

86679,40 

2 


7 P. M. 

10 A* M. 

86079,93 

A. |.I9 


86079,85 

2 


7 P.M. 

la A.M. 

86079,85 

A. 1.14 


86079,77 

2 


8 P. M. 

to A.M. 

86o8o»I4 

A. 1.20 

^0,08 

86080,00 

2 


8 P.M. 

la A. M. 

86079,93 

A. 1.13 

«wm*o,o8 

86o79s85 

2 

4 

10 P.M. 

tz A. M. 

86079,73 

A. 1* 4 

—0,07 

86079,66 

2 

z 


By using the number of stars observed and the intervals 
between the transits, to obtain a mean, in the manner de* 
scribed In the account of the experiments at Unst, we have 
86079,74, vibrations by the observations of the stars, and 
86079,73 by those of the sun; whence is derived 86079,74 
for the final mean number of vibrations in S14 hours. ' 
The height of the pendulum at Portsoy,, above low water, 
was foui^d by levelling, to be 94, due to 
'whiehiso,39'X;;j^*'»b,«3. ■ : 

♦ It mtf be nsicetWry to mnark, that no sJtewance ha« been ettentpted for any 
variation of denaity beihveen tbe different stations, but solely fer their form. ; ; ' 
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The mean height of the barometer during the cxpcrimcnt.s\ 
was 30,09 inches, and the moan temperature from 
which data, and the specific gravity of the pendulum, wc have 
6,04 for the correction, on account of the buoyancy of the 
atmosphere. 

Applying those corrections to the mean number {)f vibra- 
tions before found, we obtain 86086,0 1 for the final number 
of vibrations which would be made by the pendulum in a 
mean solar day, in vacuo, and at the level of the .sea. 

The rate of the clock having .suHered a continual accelcni- 
tion, as I have before stated, it became a subject of anxit)u.s 
importance to determinu what eflcct thi.s might po.ssibly Iiavc 
on the result of the experiments ; particularly as the .same 
curious circum.stance had taken place at Un.st, at whicit station 
however tlio unfavourable weather prevented the comnumce* 
ment of my observation.^, until the acceleration Itad nearly 
attained it.s maximum. To .satisfy myself on thi.s point, I took 
down the clock on the 13th Augu.st, and having carefully 
cleaned it, began a new series of observations, which arc 
given at large in the Appendix, and from which the following 
tables and results are derived : 


Tramits obaerved at PoatsoY. »d Seriej. 


Stan# 


August 14, 

Auguit u. 

August le, 

Augattl?. 

Auguttia* 

Auguitie, 

The Sun 
Arcturua 
a Ophiuchi 
* Ophiuehi 
n Scrpetttl$ 
»Lym 
pt, AquUie 
» Aquilt 


n 

It, m. 1. 
0,12.49,27 
442. d.66 
8. 0,48,78 

8 . »|.jd ,94 

8.40. 7, 0 

9. 4 'S 7.59 

WM, 

mm 

h. m. $. 
0.13.19,7* 

4.38-53.17 

7 ' 57 ' 34'88 

8.42.53,09 
9 * >. 43 **» 

h. m, 1. 
0,13.49,88 

7 .S||,.*i,a 3 

8*»o-49.55 

840.39,77 

8.58.30,19 

9.52.48,21 

<0. 9,*8it8 

h. m. 1. 

4 - 3 »-*S .84 

8 13.36,30 
8.31 26,36 
8 -SS-‘ 8.39 

MM* 

It. m. i. 
0.14.49,28 

wmm 

mm 

Horn 

mm* 
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The clock making 8644a»iH VihrAiJnns tu 

a luf* in tj,i) 

1 

Date. 


Baromtftri. 

'1 brrmom* 

\ thi ituii.H 

Ht J 4 h‘ litrt. 

Court tmn 
hit 

Tcittp. 

\ iht4ftfm» 
ih Jihnttf * 

«l fSi tlrgrccu 

Aug. 1 3 

«4 

*5 

i6 

»7 

18 

19 

A. M. 
P. M, 
A. 

P.M. 
A. M. 
P. M. 
A. M. 
P. M. 
A. M. 
P. M. 

Ia.m. 

I P.M. 
A. M. 

1 P.M. 

30, 

.?0'as 

30,37 

30.2s 

30.35 

30.*8 
30,17 
30. JS 
30,16 
30, H 
30. «4 
30,10 

mm 

51. 9 

60.3 

62.4 

60, 1 

til , 6 

58.4 

60.9 

S 9 .« 

61.3 

58.4 
60,3 
S 7*4 

8<inSi,o4 

86rtSi,ji 

861.80.19 

86080.85 
86080,13 

86081.19 
86080,36 
86080,60 
86080, 11 
86080,79 
86080, IS 

86080.85 


1 *nt 

HU 

86uHtU^i‘» 

H6o8u,t»*| 

6079.67 

86079,79 

86079,67 

86079,77 

86079,37 

86079,43 

86078,90 

Man 


30,19 

60, 3 

■■■ 

■ill 

86o79.H^ 


It appears from the above Table, as well as by the cutnpa- 
risons of the clock with the chronometer, that the rate of the 
clock had been autficiently uniform to render any correction 
on this head unnecessary ; in the following Table therefore 
we have the number of vibrations made by the pendulum in a 
mean solar day. 
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By the Stars. 

zd Series* Portsov. 


From 

To 

Correct Vibrations 
in a 

mean solar day. 

of stars 
observed. 

Inter* of 
Transits* 

14 A, M. 

14 P. M. 

86079,86 

I 

1 

14 A. M. 

IS P. M. 

86079.73 

2 

z 

14 A. M. 

16 P. M. 

86079,78 

2 

3 

14 A. M. 

17 P. M. 

86079,81 

1 

4 

14 A. M, 

18 P. M. 

86079,76 

I 

5 

ij A. M. 

IS P. M. 

86079,63 

4 

1 

15 A. M. 

16 P. M. 

86079,7! 

3 

z 

I S A. M. 

17 P. M. 

86079,78 

6 

3 

IS A. M. 

18 P. Mi 

86079,77 

3 

4 

16 A. M. 

16 P.M. 

86079,80 

4 

X 

16 A. M. 

17 P. M. 

86079,87 

4 

z 

16 A.M. 

18 P.M. 

86079,83 

4 

3 

17 A. M. 

17 P.M. 

86080,03 

3 

X 

17 A. M. 

i i8P,M. 

86079,79 

3 

z 

18 A.M. 

i8 P M. 

86079,69 



X 


By the Sun. 

zd, Smes. 

1 3 P. M. 

IS A.M, 

86079»89 

z 

z 

, 13 P.M. 

16 A.M. 

86o79#86 

Z '■ 

3 ' 

4 

' r3 P. M. 

17 A.M. 

86070*84 

z 

J3 P.M. 

19, A. M.. 

86079,8s 

z 

6 

»S P.M. 

16 A.M. 

86079,78 

'% 

1 

IS P.M. 

17 A. M. 

86079,79 

z 

a 

K P.M. 

19 A. M. 

86079,83 

2 

4 

I6 P. M. 

17 A.M. 

86079,81 

Z 

X 

I6P.M. 

IQ A.M. 

86079*84 

t 

3 

17 P. M. 

19 A.M. 

86079,86 

‘Z 

z 


Employing the numbers ©f stars observed, and tbs Intervals 
of the transits, as before, we obtain 86079,78 vibrations by the 
observations of the stars, and 86079,84 by those of the sun ; 
and the sums of the factors being 96 and 56,. we have 86079,80 
for the finaVtoean niunber of vibsadons to «4 h^ 

The. mean- height of the haronitotee w 90,19 inches, and 
that of the , t|ieKmo»^r 60®^ the; conectloa foe the 

buoyancy of tha anp^osphere. is. 6,07, . ) 
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This correction, together with o.ujj (the' a)rr<‘dion fur the 
height above the sea) being <ultl»‘d to the niedii nuiiihe! ot 
vibrations, we have 86o8(),io for the nuuther u{ \ tl)ialiuns 
which would be made in a mean solar day, itt vaeiui, atul at 
the level of the sea. 

The dillerence between this result and tliat of the first series 
of experiments made under the most unlavourahlo rirruin- 
stanccs of acceleration in the rate of the clock being only 
affords it is presumed a most satisfactory jmxd* that tjo very 
important error is to be dreaded from this source in the obser* 
vations at Unst. 

Operations at lAth Fori. 

Having completed the requisite observations for the latitude 
of my station, and for connecting it with Cowhythc, I (luitted 
Portsoy for Edinburgh on the aoth August, leaving the instru- 
ments and party to come by sea. 

Ijoith Fori was niy next station, and here, as I could pro- 
cure no lodgings in the neighbourhood, an ofitcer of the Huyai 
Artillery most kindly relinquished to me his quarters in the 
barracks. The Cherokee arrived on the eSth, and thu instru- 
merits were landed the same evening. 

On my first arrival at Edinburgh to embark for Unst, I luul 
been introduced to Sir Howard Elpjjinstonk, the chief engi- 
neer of the station, and received from him the as.surance of 
every assistance in my experiments, .which Iiis department 
could furnish. Though to my regret he was now absent on 
duty, I was promptly supplied with such materials and arti- 
ficers as were necessary, and on the agth August my appa- 
ratus jwas firmly put up in one of the public store rooms of the 
I'oit, which was exceEentJy adapted to the purpose, and tlic 
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transit instrument placed on a massy stone foundation, erected 
for it on the ramparts. 

On the 31st of August I commenced my observations, the 
results of which are given in the following Tables, and on the 
evening of the 7th of September, the transits of the same stars 
were again observed, but unfortunately the lamp which was 
attached to the meridian mark, for adjusting the transit instru- 
ment by niglit, not having been properly placed, these obser- 
vations were of necessity rejected. 


Transits observed at Leith Fort# ist Series# 


Stars# 

August 

September a. 

September 4# 

September 

September ff. 


h. m* s* 

h» m« s. 

h. m. s. 

b. m# s# 

h. tn. s# 

The Sun . 


0. 9.18,05 

— 

0. 9.41,66 

0, 9.S»>S« 

Capricorni 

9.4541,04 

9.48,40,81 

9 . 3 S 4 a .«6 

— 


• Aqiiaru > 


10* 1.56,98 

9 .j! 4 * 59*09 



» Equulei . 

10.37,46,18 

10,30.45,31 

io#a 347,39 

~ 

' •*- 

a Aquarii . 

I 0 .s*. 5 g ,93 ! 

10.45.59,68 

10.39# *^37 


mum 

1 Pegasi^ . 

u. 6.1a, 53 

**** 

10.521.13,94 



9 Aquarii . 

11.8456,38 

a. 1 749,9 1 

ii#io.5i,95 



y Aquarii . 

H. 43 - «.«9 

— • 

1 1.29.10,60 

1 , ~ 

mum 

K Aquarii . 

11.59.1 >*4^ 


11.45.13,07 


»> 

n Aquarii . 


11.55.13,67 



mm 

( Pegasi 

' “ 

iz , 1*04,05 

11*54.26,26 

~ ' 

*mm 








From these transits the following table was computed* 
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Riteof the clock at Luirn t*o»T. tst Sctir*'. 


St:iK. 

Ftr»ni 

ta Hept. 

Aueitat 31 « 

Kftttti 
Srpt* i, fit 
llttpt 4 « 

! 

Sept. y(# 

Srp*. 'J. mfl. 

i 

Fnm* 

ikpf. suiA 



S. 

s. 

*{, •' 

H. 

s. 

TIuj %Su»t 




37.04 

jy/jy 


cit Cnpricorin 

*5,56 


sr .,95 




« Aqilirii . 


mm 

« 7 f 07 




Eijuukt . 




-1.., 



^ Aqudrit . 



afe.Ss 




t IVgasi . 


»f>J 3 


mum 




as .75 

a6.J7 

a^foo 

1 M 


mum 

V Aqiiarii . 

mm 


..M. 



mm 

K Aqttarii • 

mm 

a6.}S 




mm 

n Aquarii , 

mm 

mum 1 




mm 

< Pegasi . 

1 ***** 

' **** ! 

37,09 



“ 

by the ) 
Stars 1 

1 ■ *5*67 ^ 

* 6.34 

37,00 



' 

Mean by the { 
Smi \ 

im 

iIKH 

mu 

* 7»04 

*7^69 

89,64 


The steeple- of Leith church, beitjg very conveniently situ- 
ated for the purpose, I was anxious to ascertain with wimt 
degree of precision the rate of the clock might be obtained, 
by otaerving the disapi^aipice of stars behind the steeple, a 

employed by _M. Biot, in hie 
. /li^^l^^^llitihents^on the length, of the penduiura,and 
whlcf^^taa capal^ great accuracy. For this purpose I 
used a powerful achromatic telescope, with which I was 
fayoured by Mr. Jardine from the observatory. The tele- 
i^pe was placed so as to rest against the door way of the 
room which contained the clock, and was directed towards the 


side of the steeple. On the evening of the goth August, I ob- 
l^phservatkms of thi^ tirae of the disappearance of several 
pttilhf September, two of these stars were 
’ visible.' By; these, stars, ^ 
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the rate of the clock appeared to be 26%85 ; which rate as it 
was deduced from the longest interval, has been used in com- 
puting the following Table. 


Vibrations of the Pendulum at Leith Fort. ist. Series. 

The clock making 86436,85 vibrations in a mean solar day. 



Barometer. 

Thermom. 

Vibrations 
in 34 hours* 

yCorrection 

fbr 

Temp. 

Vibrations 
in 04 hours 
at 00 degrees* 

Aug.31 

Sept. 1 

2 

3 

4 

. 6 

A. M, 
P.'M. 
A. M. 
P. M. 
A. M. 
P. M. 
A. M. 
P. M. 
A.M. 
P. M, 
A. Ml 
P.M. 
A. M. 
P. M. 

29.9s 

29,95 

29,55 

39.49 

39.58 

39.08 

29.9s 

*9.97 

39.78 

39,76 

39,85 

39.09 
39,63 

.56,6 

58.9 

S ®'7 

60,1 

58.4 

59.9 

574 

S 9.7 

5 9 .5 

61.9 
60,3 
'•63,1 

|9i9 

o»4 

86078,34 

86077,50 

^6070,08 

86075,73 . 

•86075,14 

86074,55 

86075.13 

86074.13 

86074.13 
86073,10 
86073,43 

<8^71.C7 

86070,85 

86oJk>>33 

3,28 

1,30 

1.40 

0,80 

1,53 

0,89 

«. 9 S 

0,97 

1,06 
0,04 
0,73 
+0,04 
0,89 
.ev«S- • 

86076.06 
86076,20 
86074,68 
86074,93 
86073,03 
86073,66 
86073,18 . 
86073,16 

86073.07 
86073,12 
86071,71 
86071,01 
86069,96 

86070.08 

Mean 

29.75 

59.6 



86073,31 


By the above Table we may perceive, that though the clock 
had been cleaned so recently, its rate had notwithstanding en- 
creased in seven days, about six sj^onds, or 0,85 in every 24 
hours. On .account of this acceleration it becomes necessary 
to apply a correction, in the manner which has bisen before 
explained, in order to obtain the true number of vibrations 
made by the pendulum in a mean solar : day* The results are 
contained in the foilowlnjg Table. : 






h. DU 




1 A. M. 

3 P. M. 

86073,04 B. 1.33 4 *^!? 

8607 4, tn; 

1 

2 

I A. M. 

aP. M. 

86075,16 B. 0x28 

8607 3, 

7 

4 

t A . M. 

4 P. M. 

8oo7?,3.H B. 0 . 3 / -J .fu 


6 

/ 

BycJisappear.uicc 1 





of vtsirs behind [ 

86073,21 A, 0.33 —*,02 

86073,19 

■» 

7 

Leith steeple, j 







By (he Sun. JU. Serif 




3 P. M. 

? A. M. 

86073,17 A. 0.37 —0,1 

86073,14 

1 

2 


3 V. M. 

6 A. M. 

86073,38 A. I. i ) —0,3 

86073,34 

2 


5 P. M. 

6 A, M. 

86073,57 A. 0.51 —0,3 

86073,54 

Z 

1 


Using the number of stars observed and the intervals uf the 
transits, as before, to obtain a mean, we have 86*07.3, vibra- 
tions by the stars, and 8607^3,85 by the sun, :uk1 i1u“ .sums of 
the factors, being (is and 16', wc (d)tain 86o7<},*o for the iinal 
mean number of vibrations in *,t, hours. 

The mean height of tiio barometer was 19,75 inclius, and 
the mean temperature 59**6, The correction for the buoyancy 
of the atmosphere is therefore 5,99, 

The height of the pen^plum above low water, was found 
by levelling to be 68 feet, whence we have o,aB x 
for the correction due to this elevation. 

These corrections being applied, wc obtain 86079,37 for the 
number of. vibrations made by the pendulum in a mean solar 
day in vacuo, and at the level of the sea. 

, The clock was now taken down to be cleaned, a.s I had re- 
solted to go through a new series of observations. On 
examillttgi.tlaie oil, it was found to ail appearance as pure as 
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when first applied, and I can in no way account for the acce- 
leration in the rate of the clock, but by supposing, that whilst it 
was at rest, the external surface of the oil had become thick- 
ened by some action of the sea air upon it. This would of 
course occasion the rate to be less, on the clock being first 
put up, and a gradual acceleration would afterwards take place 
as the thick coat of the oil became blended with the more 
fluid particles beneath. These remarks may perhaps warrant 
the important inference, that no reliance whatever dan be 
placed on results obtained by iheans of a pendulum attached 
to a clock, and that until oil can be banished from chrono- 
meters, and the maintaining power be such as to be eqiial 
under all circumstances, we may spare ourselves the trouble 
of attending to other sources of error. 

The clock being cleaned, the observations vvere made and 
the results deduced which are contained in the following 
Tables. ' ' 


* , 

Transits obOTved utL SIT H Fo&t. ndSeri^* 

Stiifi* 

Septembet s. 

September 30* 

Sepumber la* 

September I4« 

^ Eqtiulet 

9 Aqnarii 

1 Pegasi 
a Aquarii 
Ptfgasl 

fPegasi 

» Pegm 

h. m. s. 

10. ».3948 
JO.t7.53»83 
10.31* 6,30 
10 4944^431 
iM4.a5»o6 

itaS, 6,69 
iu 33**^»73 
iugiahs? 

h. nt. s. 
9 *S 5 *S 4>45 

10 . 11 . 9,88 
to.S4.si,36 

n. 7.39,80 

'XI. 

ix.ax.aj,7o 
if.aS.33, 72 
i 1.44.36,50 i 

h. m, «. 
9.49. u ,*3 

10. 4.a5,oO 

10.36. 16, xo 
XI. 0.56,53 

tt.io. 37 i 3 a 

11.14.38,28 

11. X 9 .$o ,34 

fMmi 

h« m. S* 

109IO954J19* 

,11. 7*SS^H 

1 I K15. 7,40 
n.3i»i04j 


sc 
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Rate of the cIo< k ai Lf n ii 

For r. 

*<l. sS IK‘S, 

{(tttUfft}* ) 


hiom 

SejsfftnlKM 

h'jofit ! 

Vmxi 


1 ti Iti 

1 ii»m 


H to 10. 


«to 14. 

mot 1} 

m 1 1 

t> h» H, 


5. 


s. 

s 

s 


os Equulei 

33-49 


34.10 

34.(9 

MssJM 

}4.4* 

0 Aquarii 

33-53 


mm 

n-V' 



1 Pegasi 

33-53 

He9I 

34,10 


34- 39 


0 Aquarii 


33’W 

34-09 


~ 

34-»9 

I^egasi 

33-37 

33-J-7 

34,. 6 


14-4« 

34-45 

K Aquaiii 

33 49 

33-93 

34. u 

34*3^' 

34-4 « 

34-47 

a Pegasi 

33-5' 

33*9» 

34-09 

34.^9 

34*39 

34-4*’ 

1 Pegasi 

3.3.5'> 

33-90 

34-n 

33-31 

34- 

34-53 

» Pegasi 

i 33-47 

33-94 

34.«3 

34.4* 

34*4*' 

34-50 

Mean 


__33-93. 



. . 34;4j_ 

3.1'tL 



X>«te. 


B«)rometerf 

Thermom* 

VibratioM 
hi a4 htmtn. 

Corffctum 

foi 

Tm\u 

Vibrations 
in 01 lumri at 
tWgrrci# 

Sept. 9 

10 

ta 

is 

*3 

A.M. 
P.M. 
A.M. 
P. M. 
A.M. 
P.M. 

i-ii' 

M. 
P.M, 
A. M, 
^ P.M, 

* 9 - 9 ® 

* 9-95 

* 9-94 

a 9 .(;> 

» 9 . 9 * 

30,2$ 

30,44 

29.89 

49,85 

54 ’-* 

SS-6 

5*4 

5 4 - a 

s«.s 

S8»| 

,, 53 '* 
54.* 

54*0 

55 - 9 

50*4 

57 .* 

86077,10 

86076.63 

86077.4s 

86076,98 

8)So77,i6 

86076,71 

86076.64 
86076,44 
86076,05 
86075,40 
86075,35 
86074,86 

3.30 

4,71 

4«o6 

3.30 

t:8 

3.77 

3.30 

3.38 

4,58 

4,37 

*.07 

8 {> 073 , 8 o 

86073,9* 

!^ 73.39 

86073768 

86074,74 

86073,03 

86074,87 

86074,94 

86074,67 

86074.84 

86074,98 

86074,79 

Meat! 

m 

30 >o* 

54.3 


tf 

86073,13 


We way perceive from the above Table, that the rate of 
the clock had encreased about a second in six days ; the error 
however affecting tjhe final number of vibrations of the pen- 
djilum, in conseq^iience of this, is too small to need correction* 
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By the Stars. Lsit h Foa r, ad Series. 




Correct Vibrations 


intenr. 

From 

To 

in a 

No. of stars 

of 



Mean solar day. 

observed. 

Tmmiti. 

9 A. M. 

10 P. M. 

86073,09 

8 

2 

9 A. M. 

la P.M. 

86073,12 

8 

4 

9 A.M. 

14 P. M. 

86073,13 

a 

6 

Ji A.M. 

12 P. M. 

86073,14. 

7 

% 

11 A.M. 

14 P.M. 

86073,16 

7 I 

4 

JJ A. M. 

14 P. M. 

86073,17 

7 1 

% 


Using the number of stars observed, and the intervals be- 
tween the transits as before, we have 86073, ig for the number 
of vibrations in 34 hours. 

The barometer being at 30,01 inches, and the thermometer 
at 54®, 3 tlto correction for the buoyancy of the atmosphere is 
6,11. 

This Correction, together with 0,18, the correction for the 
height above the sea, being applied, we obtain 86079,4a for 
the number of vibrations made by the pendulum in vacuo, as 
deduojd’from the second series, from which the result of the 
irst series differs 0,05 of a vibration. The mean of both is 
to be preferred. 

Operations at CUJton. 

On the 17th of September I left Edinburgh, and proceeded 
to Clifton in Yorkshire ; at which place ray instruments and 
party arrived on the a8th. Here I Was so fortunate as to meet 
with a vacant house in the village, perfectly suited to my phr- 
po^ir bHpnging to Mr« Mjlwar©, who, il; ateo of 

the jSold 4' which is the sitaffon of tM 
Previous the clock 

was carefully oleanCji I'he observations were then made, and 
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the results deduced which are contained in tiu' folhjwiuj^ 
Tables. 


October % j 

October & 

h* m. 

h. nj b. 


n.4<> 6» 

646.47,11; 

6.42.40.48 

6.58.27, 18 

6 . 54'*«''17 

7.18.13,75 

7.14.16,85 


7.50. 4,50 
«. 6.13.77 

8.23, *,35 

H.18 55, *8 

1 8.43. s.9« 

8.38.58,87 

9 -ia< 3 S -95 

9. 8.29, 15 

9.*8.*2,3H 

9 » 4 -«S '47 


9.37.58, 1 1 

Rate of the clock at 


h, m. 

11.4H. H164 
7,12 

7. 6. 

7 4 »*S**'‘** 


9. 0.15.68 
9.16. 3«a7 


From 

Fmm 

ft too* 

ft to 0* 



«. 

to, 78 

10 , 9 $ 10,54 
10, 8» — 10,69 

10,77 >®»®4 I®'*? 

10,73 



TmumU obseivol at Ctii > ok. 


OfHtbf* I. 


tbtiibfr 0 

<)i Inhn H 

tu m. s, j 

h» in, s* 

11.47.4t>, 56 

11.46.(5,18 

6. 30.2I<,H2 

6,12. 8,92 

6.4/. <t,s 7 


7. 1.57,1s 

6.5 1. t 4 ’i '*3 

1 7 «. 17 - 44 ' 7 S* 

7.29.32,8 

8- 6 - 35.35 ! 

7.58.13, *8 

8.16.39,37 

8.18.27,3 

8.56. 9,23 

«. 47 . 57,07 

9.11.55,72 

MM 

9 «» 5 > 3«>43 

9.17.26,37 


Fttim From Fkhw From 
s to 0» a to «« 5 to 6 Mo Ml 



i* u |» 
10,68 10,44 

10,65 10, a6 10,07 

10,77 

10 ,7* 

10,65 


10,76 1 0,5 a 
10,6* 10,45 

16,85 10,76 10,54 10,57 

10,7* 10,70 — 10,67 

10,71 10,68 10,47 ‘o,6i 10,30 1 10,15 


10,80 10,60 10,7a 10,70 10,49 >0,66 


10,78 10,75 




10,53 10,44 



























From the preceding; Tables, the following vibrations in a 
mean solar day were computed. 
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The number of stars obscrvcti, and the intervals between 
the transits bcin^f employed as before to obtain a mean, we 
have 85 o6<2,os vibrations by the stars, and 86of>i,fly by the 
sun, whence we obtain 8 ( 5 o 6 ’ 3 ,oi for the final mean number of 
vibrations in 34 hours. 

The height of the barometer being 35,33 inches, and the 
thermometer 55^,0 the resulting correction for the buoyancy 
of the atmosphere is 5,54. 

The height of Clifton Beacon, above the level of the .sea i.s 
stated in the “ Account of the Trigonometrical Survey” to be 
417 feet; and by levelling, the pendulum was found to be 78 
feet below Clifton Beacon, the height of the pendulum there- 
fore above the level of the sea was 339 feet, the correction 
which is 1,40 x -^5 » 0,95. 

Applying these corrections, we obtain 86'o6'H,90 for the 
number of vibrations at Clifton, in a mean .solar day, in vacuo 
and at the level of the sea. 

Operal’ms at Arhury MIL 

On the igth of October I left Clifton, having previously 
made some important observations for the latitude, which will 
be detailed in the proper place, and proceeded to Arbury IfiU, 
where my party and instruments arrived on the 15th. Here 
I procured accommodations at a house belonging to Mr. Oos- 
SAOE, situated on the side of an eminence, to the south of 
Arbury Hill The season was now so far advanced, and the 
weather in consequence so variable, that it was not until the *ist 
that I was able to ^commence my observations. These though 
few ip number* wejif«>made with such minute precautions, and 
under such. fi|vopr4bl(i «rQumfitances»,.as to be perfectly satis- 
factory to w*;, Thd T^bftis'contain the results. 
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Tran observed at Arburv Hill* 


Octolier sn. 

October 

October an* 

The Sun 
dr Aquilse 
« Aquilae 
d Aqtiil«e j 

h. tn . s. 
11.44.28,39 

S 3 « • 39-53 
5.43.19,17 

6- 3 -« 6 *SS 

h, m* $» 

5.27. 10, 4^ 
5 ‘ 47 - 7^78 

h, m. s* 
11.43.17,93 

S-i x.29,10 
{;.23. 8,78 
5.43. 6,05 


Rateof the clock at Aastrar HiLL*(Ze5l«^.) 

Stars. 

From 
ai to 35 . 

From 

31 to 35 . 

From 

35 to 36 . 

The Sun , 

T Aquilse . 

» Aqtiltse « 

0 AquU« , , 

6.30 

6.30 

6,$o 

s. 

6,23 

6,20 

6,19 

6gZt 

s. 

5,76 

5.75 

S.84 

Mean by the \ 
Stare • . j 

6.30 

6,20 

S .78 

Mean by the ? 
Sun « . ) 


6,33 



VtbratJoni of the Pemiulufin at Aaaoa v Hill. 

The clock snaking 86391*80 vibrations in a mean solar day. 

Pate. 


Barometer. 

Themiom* 

Vibratfoni 
l» t 4 hours. 

Correction 

for 

Temp* 

Vilimtioni in 

64 hours* at 
oa dcftm* 

Oct. 

*1 

. aa 

/: , '*4 
- ( *ji 

s^j 

A. M. 
P, M. 
A. M. 
P, M. 
A.M. 
P, M. 

P.M. 

; At 

P. Mt' 
A.M,i 
P. M. 

39,65 
*9.5 » 
»9»SO 
39,50 

39,53 

sii 

»9>S$ 

JL : 

56.7 

S4»a 

54,4 

53.8 

53.* 

so-d: " 

• is«».s ; 

5».3 

''•'< 53,3 . ' 

53.7 

8fo|9.*| 

86 ooOi 66 

86660,53 
8&36i,e7 
|(b^Sf > 

'' 86o6c,48; ' 

; ..' 86660.65 
86060,13 

•.w* 

3, #4 

3.30 

■■',S',3* 

4.70 

4. W 

- 

3.5*, 

86057,01 
86057,36 ^ 
f 86057,30 
86057,18 
' 86057,16 '■ 
86056,66 
86056,46 
86056,70 , 
86056 , 00 ' 

1 86056,48 
86056,61 

Mfltn' 


: *9'5S 1 

5*4> 



; 86 os6 .88~^ 

'll ' 
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From the preceding' 'FablCvSi were deduced the foUo^\ing 
vibrations in a mean solar day. 


By tho Stars 

A»»WHV illLl 


From 

To 

C«m 4 t 
Vibwtums m » 
ni<mi «»luf day. 

No. Hi 
Stnr«< 
oWivnI 

Inierv, 

ot 

't tAWHilti 

22 A. M, 

2S 1 '. M. 

860^6,86 

1 

4 

Z2 A, M* 

2 tl P. 

86(156|HS 

1 

*; 

26 A. M. 

26 P. M. 

86056,96 


i * 


By th(! Sun. 



ai P. M. 

916 A.M. 

86056,89 

1 ’ 



From the number of stars observed, and the intervals of the 
transits, we derive 86056,88 for the mean by the stars, 
86056 89 by the sun, and 86056,88 for the final mean num- 
ber of vibrations in 84, hours. 

The barometer being at 89,55 inches, and the thermometer 
at 58**, 9 we have 6,04 for the correction on account of the 
buoyancy of the ttihoiphere. 

The,an^le of elevation of the top of the tent on Arbury 
Hill, taken l>y the repeating circle from the station whore tJic 
clock was placed, was found to be i*,a8'.«i",4i j and as it will 
appear in the Appendix, that the distance from the station on 
Arbury Hill to the clock, was 3048 feet, we have 78 feet very 
nearly for the elevation of the top of the tent above the pen- 
dulum. fhe elevation of Arbury Hill above the sea, as deter- 
»^ne|d by the Trigonometrical Survey, is 804 feet, from which 

height of the tent being 11 feet,) we 
<^»v«tien fof the pendulum above the 
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level of the sea, the correction for which is 3,04, x ==2>i3. 
These corrections being appliech we have 86065,05 for the 
number of vibrations which would be made by the pendulum 
in a mean solar day in vacuo and at the level of the sea. 

On leaving Arbury Hill, I hastened to Dunnose in the Isle 
of Wight, anxious to complete my experiments before the 
winter ; but on arriving there, I found the weather so bad, 
that after a short stay I was reluctantly obliged to postpone 
my observations at that station until the following spring. 

Operations at London. 

Before I left London in June, I took four series of vibrations 
of the pendulum at a high temperature, at Mr. Browne's house 
in Portland Place ; chiefly with a view to afford me the means 
of chocking my expansion of the pendulum by a comparison with 
other series of vibrations, which I purposed to observe at a low 
temperature on my return i and also to enable me to form some 
idea of the acceleration, when I should arrive at Unst. For 
the rate of the clock I am indebted to the observations of Mr. 
Browne. The results are contained in the following Table. 


Vibmrioii« of tlm Pmululum at Lom Scrie?. 

> 

Dit«, 

{IftfamQttff . 

ThcriTJoWi 

VibrHti«iw« 
fn 94 hrium* 

Correction 

for 

Ttfmp. 

Correct Vibrttloni 
in« menii tolar 
dsy itt 89 degroei, 

June 

»S 

«4 

‘1 

16 

89,90 

30,00 

30,05 

#9,95 

7 its 
70*1 
<^9>9 
70»5 

86051,3^ 
86051,90 
86051.99 
86051,88, j 

4,06 

3 M 3 

hU 

■ J,6o'.:; 

'86055,38 

86055,33 

8 ^ 55.33 

86055,48 


*$•98 






The barometer being at ag, 98 inches, and the thCnnoraeter 
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at 70'', 5 the correction for the buoyancy of the utinosplierc is 

The height of the pendulum above the level of the sea was 
83 feet, the correction for which is 0,34 x s= o,aa. 

These corrections being applied, we have 86‘of>i,4() vibra- 
tions in a mean solar day, at the tempt'rature of f>'/’ in vacuo, 
and at the level of the sea. 

Various causes prevented me from repeating my exjK'ri- 
ments in London, until the month of March, wlien the follow- 
ing results were obtained, the observations on wliicli they arc 
founded being detailed in the Appendix. 


Vibrations of the Pendulum at Low Sciic*** 


Bate* 

1819 * 

Barometer* 

Thermom. 

Vibtatlcms 
in 94 hours* 

Cotieotton 

for 

Temp, 

Correct Vibrattona m 
a mmt lokr day, 
m vacuo at 

March 

8 

9 

»7 

tB 

3O1IO 

30>lo 

30*14 

30^00 

30,10 

30,81 

0 

50.0 

50.1 

51,8 

S *»7 

53*5 

5**8 

$6obo,t2 

86060,21 

8605941 

86058,98 

86058.92 

86058.93 

5, 08 
5.04 

4 . 3 * 

3.93 

3.60 

3.89 

86055.04 
86055,18 
86055,09 

86055.05 
86055,3* 
86055,04 

Metn 

30,11 

51.8 



86oS5,u 


The correction for the buoyancy of the atmosphere is 6,38, 
and that for the height above the level of the sea, o,sa. We 
have therefore 86061,5® for the number of vibrations at 6®" 
in vacuo, and at the level of tlie sea. 

So very near an agreement with my former observations, 
after an allowance for a clifFerence of temperature amounting 
tb i 8®,7 I could scarcely have dared to hope for, and it 
afRjrded me d most satisfactory assurance, not only that the 
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knife edge of the jjendulum had suffered no injury from use, 
but that niy allowance for expansion was correct, a circum- 
stance of the greatest importance to the truth of my results, 
and respecting which there might have been most reason to 
apprehend error. 


Operations at th Isle of Wight. 

On the 8th May 1819, 1 again left London for the Isle of 
Wight, Dunnose, the most southern station of the meridional 
arc of the Trigonometrical Survey, is marked by ah iron gun, 
sunk in the ground on the summit of a hill near the village of 
Shanklin, a little to the north of a signal post.**^ The nearest 
house to this station is Shanklin Farm, in the occupation of Mr. 
JoLLiFFE, from whom and from the proprietor, the Rev. Mr. 
White, 1 most readily received permission to make use of a 
summerhouse, well suited to the purpose, for my experiments. 

The observ^tidnf made at this station, ape detailed in the 
Appendix. The weather was very favourable after the lath; 
and though before that period 1 was not able to obtain the 
transit of more than one star and of the sun, these obser- 
vations were .satisfactory. The results arc contained in the 
following Tables. 



• The height on ' Froperlp ciUled SianWfa 
Dunno«e'U'ih«ne3epfoi«^g,^infli&'aii:i6Wl*nJ.'’V'' 
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Vibrations of the Pendulum at pAnw, 


The clock makiiig 86390,60 vibrations in a mean solar day. 


Date. 


Baiometcf. 

'riicrmoiti. 

in ‘,24 hourii. 

Correction 
for Temp. 

Vibration.'j 
in 24 hours 
at 02 ch?grcc3. 

May It 

12 

>3 

14 

ij 

16 

A. M. 
?. M. 
A. M. 
P. M. 
A.M. 
P.M. 
A. M. 
P. M 
A. M. 
P. M. 
A.M. 
P. M. 

30,17 

30,16 

30,10 

30.09 
30,08 
30,08 
30,14 

30.10 

30.05 

30.05 
30,03 

30-03 

60,9 

61.8 
61,0 

61.3 

60.8 

61.0 
<So,s 

60.8 

60.9 

61.3 

60. 1 
60,7 

86052,14 
86051,73 
86051,96 
86051,85 
86.j51.73 
86051,64. 
86052,14 
: 86051,97 
86051,44 
86051,28 
86051,70 
86051,54 

<^47 

0,08 

04a 

0,30 

0,51 

042 

0.63 

0,51 

0,47 

0,30 

0,80 

0.55 

8605 1 ,67 
86051,65 

86051.54 

86051.55 
86051,22 
86051,22 
81051,51 
86051,46 

86050.97 

86050.98 
86050,90 
86050,79 

Mean 

HI 

50,09 

60,9 


^Hl 

86051,29 


From the preceding tables wore deduced tlic following 
vibrations in a mean soler day. 



By Regulus. SfiANJCtiw Farm. 


From 

To 

Coimct vibnitions 
m u mran soliur 
diiy. 

No. of stars 
observed. 

Ititcrv. of 
Trans. 

I t A. M. 

13 P. M. 

86051,30 

I 

3 

li A. M. 

15 P. M. 

8605 1 ,27 

I 

5 

II A. M. 

16 P. M. 

86051,29 

t 

a 

14 A. M. 

15 P. M, 

86051,17 


a 

14 A. 

16 P. M. 

86051,19 


3 

i6 A. M. 

16 P. M. 

86051,42 


1 


By other Stars. 



. I ilMteJ 

16 P.M. 

''86oj;i,i8 

6.,:' 

' ; ' 
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By the Sun. 



From 

To 

p»rrcct vlhwttt'iti ,,sirt 

Inter, of 

m ti me»n Mom 
tiiy# 

ohiicivrti. 

'rmnaite. 


13 A. M. 

86051,54. 

z 

Z 

nP. M. 

14. A. M. 

860^1,47 

z 

3 

II P. M. 

15 A. M. 

86051,37 

z 

4 

11 P. M. 

16 A. M.i 

860? 1,^5 

2 

S 

13P. M 

14 A, M, 

86051,31 

Z 

i 

13 P* M. 

15 A. M 

86051,20 

2 

a 

13 P, M, 

16 A* M. 

86051,24 

2 

3 

14 P. M, 

ic A. M* 

86051,08 

2 

1 

14 P. M. 

16 A. M. 

86051,22 

86051,34 


2 

15 P. M. 

16 A. M. 

Z 

t 


The number of stars observed and the intervals between 


the transits being employed as before to obtain a mean, we 
have 86051 ,a8 vibrations by Regulbs, 86051,18 by the other 
stars, and 86051 ,84) by the sun i and the sum of the respective 
factors being «o, »4, and 48, we obtain 86051,28 for the final 
mean number of vibrations in 24 hours. 

The mean height of the barometer being 30,09 inches, and 
that of the thermometer 60*, 9 , the correction for the buoyancy 
of the atmosphere is 6,09. 

It may be se«h Ifi the Appendix, that the height of Dunnose 
above the summer house, deduced front the . distance and 
angle of elevation of the signal pc«t, is 539 feetj and as 
Dunnose is stated, hi the Trigonontetrical Survey, to be 79a 
feet above the level of the sea, this would give 853 feet for 
the elevation of the pendulum above the sea. But by obser- 
vations made with a barometer of Sir Harry Enolefieed's 
construction, on three several days, the greatest difference of 
bang|aght feet, the ifieanelbysidb^ summer 

' be. 831 feet r 'and' 
we have 831 feet, 
water, difEbrlng 



mark appeared to 
ieifaU't^rthe tide, ^ 
low 
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from the fonner result sb feet. The height of Dunnose above 
the summer house, was also deduced barometrically, and 
appeared to be 513 feet, differing from the trigonometrical 
determination 2b feet in defect. If this difference be attributed 
to error in the barometer, as is most probably the fact, the 
proportional error in the elevation of the summer house, 
determined barometrically, will be ii feet, and this being 
added to 231 feet, we have 249 feet for the height of the 
pendulum above the level of the sea, which is probably within 
eleven feet of the truth. 

The correction due to an elevation of 242 feet, is 0,937 x 
= 0,70 ; and this, together with the correction for the buoy- 
ancy of the atmosphere being added to the number of vibra- 
tions before found, we obtain 86058,07 fur the number of 
vibrations which would be made by the pendulum in a mean 
solar day, in vacuo, and at the level of the sea. 
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Of the lAtlihidcs (Uul lMip,Uu<it's of the d/Jlrtnl Shtlums. 

The daily rate of Mr. Bhonvni'.’s clin>iu>n»fti‘r ]n*fuiv I h'ft 
I^ndon, was — o%3 the chronometer being too slow for 
Greenwich time on the 15th June 

might have been expected, varied from the motion of the 
waggon or other causes, si' that at Un.si, its mean rale was 
— 1»,32, at Portsoy and at Leith — a»4«, which rates 

are deduced from the column headed *' chronometer,” in the 
table of transits given in the Appendix. 

The meridian of my station at l.cith Fort, passed within 4,0 
feet of that of the observatory on the Calton Uill, the longi- 
tude of which Mr. Jardine, who has the care of the observa- 
tory, informed me, is ia*.4(5*,7 west of Grcetnvich, wliich 
may also be considered as the longitude of my station. At 
Leith Fort, on the lytli September, by two sets of altitudes 
of the sun, taken with the repeating circle and given in the 
Appendix, the chronometer was found to be8'"4i*,fi too fast, 
and as it was slow at Greenwich on the 1.5th June 
it had lost between that period and the 17th September, 
a*.4P',35, which ivS at the rate of i»,8 daily. 

At Unst, by four series of altitudes of the sun, taken on the 
ssd July with the repeating circle, (which I conceive it is un- 
necessary to detail, as the results differed very little from 
each other) the chronometer appeared to be 50%a fast, to 
which 1“.15‘,75 being added, and also (the lo.ss of tlie 

chronometer in 37 days) we obtain 3“. is* ,55 fw the longitude 
of Unst in time, west of Greenwich. 

Again. Taking Leith for the point of departure, we have 
the chronometer fast on the 17th September and at 
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Unst, on the sscl July, 50*,s. The mean of the rates of the 
chronometer at Unst, Portsioy, and Leith, gives i%8t for the 
mean daily rate, which being multiplied by 57, the number 
of days between the sad of July and the 17th September, we 
have i".43Si7 for the loss of the chronometer during that 
period. This being added to 8",4i%6, we obtain io*.S4',77 
for the error of the chronometer on the sad July, for the 
meridian of Leith, and subtracting 50*, a (the error at Unst) 
the remainder 9*.34S57 will be the longitude of Unst, east of 
l^ith. Now the longitude of Leith being is“.46‘,7 west, the 
difference 3".ia*,i3 will be the longitude of Unst, west of 
Greenwich, This agreeing so nearly with the preceding 
result, may perhaps be considered as not very far from the 
truth. 

At Portsoy cai the 3d August, the chronometer was found 
to be 7*,5B*,3 too fast, by altitudi^s of the sun, which are 
detailed in the Appendix. The loss of the chtonometer from 
the 13th June to the sd August, at the daily rate of i», 8 
is ; which, together with i“.t5',75 (the error of the 

chronometer at Greenwich on the 15th June) being added to 
7".58*,8, we obtain io".$ 6 \sts for the loHjitude of Portsoy, 
west of Greenwich. 

In order to deduce the longitude of Portsoy ftrom that of 
Unst, we have the chronometer fast at Unst cm the «ad July 
30*, 9, and at Portsoy on the 3d August 7 ". 3 «*, 8 * The mean 
of the daily rates at Unst and Portsoy is md the loss 
from the ssd July to the 3d August, at this mlo* is 
Hepce we hav^ Portsoy west of U^nst 7 *,jic 3 ^i 9 », and fhe lon-t 
gitude of Unst from G^nWich 
•, HSiccexix, , 3E' ’ • '' ' 
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longitude of Portsoy io".<}9»,o9 west of Orwnwich. The 
mean of this, and tli«! preceding result being is 

perhaps not many seconds distant from the truth. I must 
however remark, that from the variation in the rate of the 
chronometer, I do not rely upon these longitudes beyond the 
purpose to which they are to be applied, that of finding the 
sun's declination at a[)parent noon. 

The instrument used for determining the latitudes, wa.^ the 
repeating circle, of one foot diameter, inemioncd at the com* 
raencement of this Paper. Of the power of tlie rt'poating 
circle I had ever entertained the most favourat>le opinion; 
and I had now an opportunity of bringing it to the test of ex- 
periment, by connecting my stations with those of the trigo* 
nometrical survey, and comparing the latitudes obtained by 
the repeating circle with those deduced from observations 
made tvith the zenith sector. 

As an error in latitude amounting to one minute, would not 
occasion a difference of one tenth of a vibration of the pendu- 
lum in a4i hours, I conceived it w'ouid have been an ex])cnse of 
dnii, which I could ill afford, to have waited for multiplied 
observations, excdfl at certain stations, the latitudes of which I 
was anxious to ascertain with particular accuracy. 

By the mean of numerous readings, I found the correction 
for the index error of my instrument to be -4* and the 
value of each division of the large level to be 3, "4. 

In order to deduce the meridional zenith distance, from 
observations made near the meridian, I availed myself of a 
ve^ convenient formula, for which I was indebted to Dr. 

and which has since been published, together with a 
small table of verse sines, by order of the Commissioners of 



in tile length of the pendulum vibrating seconds. 387 

Longitude. The refractions and corrections for the barometer 
and thermometer, are taken from Dr. Brinkley's Tables, 
published with the observations made at the Royal Observatory 
at Greenwich. 

In ob.servations of the sun, the horary angle is estimated 
in solar time, but in those of the stars it must be expressed in 
sidereal time. It is most convenient, however, to employ the 
angle given by the chronometer in finding the correction of 
the apparent zenith distance, and afterwards to apply a fui'- 
ther correction in the following manner. 

Let r, be the daily loss of the chronometer on solar or side- 
real time, according as the sun or star is observed ; and let 

Then calling the correction before found C, the 

final correction will be (C-i-®r'C). If the clock gain upon 
the star, C must be diminished by the quantity sr'C. 

In using the repeating circle, jt is of great importonce that 
its plane should be truly vertical, or that its deviation should 
be known, in order to find the correction to be added on this 
account to the ob.scrved zenith distance, On my return to 
X^ndon, i found the error of my circle in this respect to be 
4*48^', the correction for which may be obtained by the 
following formula : 

Sin.i ^ 

where x? is the true zenith distance, V the observed zenith 
distance, and I, the angle pf inclination of the plane of the 
circle. In the second member of the equation, z may be takem 
saaxt without error. 'The.se formuiip, as well as ^sny others 
respecting the repeating circie^is denumstrated by M. Biex, 
ill his valuable « Traitd fildmentaired'Astronomfe Phyrfque.*’ 
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At Unst, the following scries of observations for the zenith 
distance of the siin*s upper limb was made under tlie most 
favourable circumstances. The calculation of the latUuiic of 
this, as well as of the other stations, is given at length, to 
afford the opportunity of any examination that may be thought 
desirable. 


Unst. 23d July, 1818. Barometer 30 Inches, thermometer 61“. Time of 
apparent noon o''.6“.2’,3. The chronometer too fast 47*19. Time by llte chro» 
nometor at apparent noon o''.6“,5o*,a. 


ICiironometrr. 


h. m s. 
» 3 - 49*39 

a3«So>3<5 
23'S9'H 
0. 1. » 
0 . S-a? 

0. Ua 5 

0. 9.41 
e.ii.a| 
0.13.26 
0.14.59 


lime from 
Noon. 



Lat. 6o,45.a6 cosine 
Dec. 20,10.57 cosine 
Alt. 49.26.33 cos. CO. ar. 
Log. sine 1 CO. ar. 


9.6888746 

9.97*4798 

0.1869458 
S 3 « 44 »S* 


Const, log. 5.i6a7a53 
Log. 817 (+4) 6.912*221 

Com *»i 1 8.''',83 log. 2.0749474 


tkc. Q’t U.L. 


First Vernier 


X * 4 =:+ 48 »ocorrect, for the level. 


Semidiam. 
Correct. • 
Citange of Dec. 

True Z. D. 
Dee. 

l4it. of Unst. 


123.58.30,00 
S« 


57.55,00 


Mean 

- 121.58. 8,70 


+ 360. 0. 0 

Level - • 

•f 0.48 

Index • 

+ 0.1H 


12)483.59.14,76 

Observed 2 . D. 

40.19,56,22 


+ •S'46 iSo 

1.58,8 

+ 0,2|ti 

+ 0,24 


4®*34>a9»03 
4. 20,10 .57,36 

60.45.26,4 1 
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The spot where the above observations were taken, was 
that selected by M. Biot, the distance from which to the 
clock, measured on the meridian northward, was iSa feet 
s=i,"7g. 

Adding this to the observed latitude, we have 
for the latitude of the station where the experiments with the 
pendulum were made. 

The latitude of the spot where M. Biot's apparatus was 
fixed, and which was on the same parallel with mine, was 
determined by Lieut. Col. Mudoe, by connecting it with Ms 
station on the island of Balta, where the zenith sector was 
erected, to be 6o°45',29",6. But this latitude is dependent 
on that of Greenwich, which was taken at 51®. s8'. 40". By 
the observations however of the present Astronomer Royal, 
and the use of the French refractions, which are very nearly 
the same as those of Dr. Brinkley, the latitude of Greenwich 
appears to be or less than by former 

observations. This quantity being subtracted from Col, 
Mudge's determination, we have 6o‘’.45'.a7",6j for the lati- 
tude of the pendulum at Unst, deduced from the Trigonome- 
trical Survey, and 6o*.45'.s8",s by one series of zenith dis- 
tances of the sun, taken with the repeating circle. 

Latitude of Portsojf, 

The following series of zenith distances of the sun's upper 
limb, was taken at the bottom of Mr, Watson's garden. 
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Poatsov^ 3<1 Aug. iBiB* Barometer 30 itiche!$» thermometer 65""* Time of 


apparent noon The chronometer too fast (J^ce Appentlix.) 


Time by the Chronometer at apparent noon 



The distance from the place where the latitude was deter- 
mined to the pendulum, measured on the meridian, was 199 
feet, whi<^ is equal to a",®®. 

This being added to the observed latitude we obtain 
the latim 

latitude 'from, that ' of Cowhythe, a 
mlled. Portwy' 'HSII, 




















in the length of the pendulum vibrating seconds. 391 

stg 4 f feet north of tlte spot where my observations for latitude 
were made. At this station the oblique angle between 
Cowhythe and Knock Hill was observed by four repetitions 
to be - - - - - ii7°.56'.5o",4,4 

The zenith distance of Cowhythe - 88. 38. 40 

of Knock Hill - 83. 8.51 

Whence the angle between Cowhythe and Knock Hill, re- 
duced to the horizon, is - - ll8.‘’a^^35",$4 

Cor. for the excentricity of the telescope -f- i, 70 

True horizontal angle - 118.81.37,34 

The station at Cowhythe is marked by a conical mass of 
masonry, which obliged me to place the instrument at the 
distance of eight feet from its centre, in the direction of Portsoy 
Hill. 

The oblique angle at this spot between Knock Hill and 
Portsoy Hill, was - - - 3 ^' 

The zenith distance of Knock Hill - - 88. 30. *5 

of Portsoy Hill - gt.aS^SO 

Hence the angle between Knock Hill and Portsoy Hill, reduced 
to the horizon, is » « - 

Reduction to the centre of the station - — 31,3 

Cor. for the excentricity of the telescope — 1,7 

True horizontal angle - 34.18.13,8 

The distance from Cowhythe to Knock fiilli by the trifjO** 
nometrical survey, is 49633 feet, Knock Hill being to the 
south west sl^57^8'^ We hkve then th 4 triangle 

to determine the diataytu^ from Cowhythe tq Porjaoy HOlU ; 
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Cowhytho to P„rl,nv Hill 

Knock Hill 7.ao. (i,*) j ' — 

Portsoy Hill 1 18.2 1 .37 ,3 

If the angle at Cowhythc be added to 
86®.15*.S3",8 for the bearing of Portsoy Hill, to tito south- 
west from Cowhythc, from which and the dislanct* of Cow- 
hythe from Portsoy Hill, wc obtain 404 feet for the distance 
of Portsoy Hill to the south on the meridian. 

The latitude ofCowhytho, by the Trigonometrical Survey, 
is 57®.4^^n" from which deducting 4", 02 for the distance 
on the meridian, the error of the former latitude of 

Greenwich, and 2\9a the arc due to 294 Feet, we obtain 
57®.4i^a",o7 for the latitude of ray station, deduced from that 
of Cowhythc, and differing 4", 68 in excess from the latitude 
given by the Repeating Circle. 

These observations for connecting my station with Cow- 
hythe were made under various unfavourable circum.stanccs, 
and indeed I am not quite sure that the object I took on 
Knock Hill was in fact the station ; for a polo originally 
placed in the centre of a cone of masonry, as at Ctjwhythc, 
has been taken away, and it was some time before I could 
decide which to choose among two or three eminences re- 
sembling each other, which happen to bo upon the hill.' The 
preceding result therefore can be considered only as a proof 
that no error of consequence is to be feared in my determi- 
nation of the latitude of Portsoy. 

iMtitude of Leith Fort. 

At tiiath Fort* the two following series of observations were 
made, the sun beang frequently obscured by flying clouds. 
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The first station was at the flag staff; the second station 43 
feet to the south of it. 


Leith Fort, 13th September i8i8« Barometer 30,^5 inches, thermometer 62®, 
Time of apparent aoou 23 ^ss*** 57 % 3 !* 'The chronometer too ftst8‘«49»,58. (See 
Appendix*) Time by the chronometer at apparent noon o^4*46S78, 



Tiimfbm 

Noon. 



Chronometer. 


Ii. m* $* 

« 3 *S 5 *»S 
a3.s8.39 
o. 1.47 
o. 4.20 
0.1416 
0.10.17 


ijl i ST ! ! , : : i ^ ,g oorrect, farthe Itffi, 

2 ' . 1 , 

Lat. SS*S^^ 4 * cosine - 9.7478082 

Dec. 3.S6.28 cosine > 9.9989718 

Alt. 37.57-47 cosine co. ar. 0.1032492 
liogiin, ICO. ar. • S- 3 > 44 <$i 


{Const, log. 5,1644574 
Log. 566 (+4) 6.7528164 

Cor.~- 8a''66 Log. 1.9172738 


Readingi^ Q’aU.L. 


1st. Vernier 
Second 
Third 
Fourth 


Observed Z. H. 
Refract. 

Paml. 

Semidiatn. 

Correct. 

Change of Dec. 
(Z—Z') 

TrucZ.D. . 
Dec. . • 

Lat. of the flag i 


3 10.39. 1 5 : 

* 38.50 ' 

38.50 

- 38.5s 

S»o. 38 .S 7 »SO 
— - 1.23 ; 

+ j3,oo 

6)3 la 39. 14,30 


- 51.46.32,38 

-f 1.12,73 

— 6,88 

4. is.5<5>*o 

mm i.aa,66 

4 o. i,a8 

4 0,16 


52. 2.13,26 

+ 3 -S 6 -» 7>74 

g. 55.58.41100 



MDCeORIX. 
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Luirn Port, 17th St*pt. iHiH Baiomcttr 50,09 imhr*, tlunnnmottr 66*. ’'Pimr 
of appaienl noon Chionomct«^r too fast (see 

Appendix.) Time by tho chiotunnetcr al tipp nent ikjoii u^3‘^ hS^S 


Chiononictcr. 

I.evel. 

Time from 
Noon. 

N.v.Smc^. 

h, m* & 
23.52,28 
23.s4.2x 
o.io. 6 
0.11.26 
0,13, 6 
0.14.X9 

+ *4 
+ 10 

+ 35 
+ 10 
4 33 
+ 7 

-- 7 
10 

0 

— *5 
0 

-.IS 

m. 8. 
10.47 
8.54 
6.91 
8,11 

9 * 5 * 
11. 4 

1 107 
<^754 

0447 

0O37 

0933 

tlOO 

Mean . 

+ 89 

— 47 


839 







X +504 correct, for thelcveL 

0 / ^ 

Lat, 55.5841 cosine - 9,747808* 

Dec, 4.24, * cosine •* 9*99965^87 

Alt 36.25,20 cosine CO, ar. - <>»<^ 9438 S 7 
Log. siiu ico,nr, - 5,3144291 

Const, hop S*^S ^^$77 
Log, 839 (+4) 6.92376*0 

Corri.iw-120'^2} Log, at*o79ggi97 


UeatUngs, 0% K | 


^ t it 1 


ist Vernier 

3 "> h(' t; 

Second 

jn 

Third 

1< 

Poiuth 

»5 

Mean 

l« 9 -V '>-30 

Level 

- F N".( > 

Index 

1 iM,<<o 


(>} . 1 » 9 > 57 ’}>*> 4 « 


Observed ZAh 


53.19,3640 

Refract, 

h 

1,19*89 

Patal, 



Semidiam - 

f 

15 97*27 

Correct, *- 



Chanm* oi I)cr. 



(X*— •//) 

1 

o^^ 


TriicZ. I). ? 3 ‘ 34 * 39 > 7 * 

Dec. I' t.fi) 

S 4 >; 84 I.iv 

Deduct, for tUif. «f } , 

Stiitiom, (41 it.) j "*♦3 

IiAt, of the Flag Stuff s$.$H40tt^6 


By the Trigonometrical Survey, the latituclo of the Flag 
.staff of Ijaith Fort, is 55*.58^4l'^ hut fn)m this 1",$^ must 
be subtracted as before. We have then 55®-58'.89*\ot for the 
latitude of the Flag staff, from which that obtained l)y the 
repeating circle under unfavourable circum.stanccR diflers 
i ",07 in excess. 

The distance of the clock from the Flag staff was 180 
feet to the north, and the corres|K)nding arc i'*,8 being added 
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55*.58'.39", wc have 55*.58'.4o",8 for the latitude of the 
pendulum. 

Latitude of Clifton, 

In “ an account of the measurement of an arc of the meri- 
dian," by Lieut. Col. Mudge, a singular anomaly presents 
itself, which since the year 180a, when this measurement was 
made, has been considered with much interest, and in various 
points of view by the scientific world. Instead of the degrees 
of the meridian increasing with the latitude, as is the case in 
an oblate spheroid, they appear by this measurement to 
decrease. Thi.s remarkable circumstance was examined by 
Don Joseph Rodriguez, In an ingenious paper published in 
the Philosophical Transactions for 1812. The author pro- 
ceeding according to a method of verification given by M. 
Delambre in the “ Base Mdtrique," calculates upon the ellip- 
tic hypothesis the length of the whole arc and of each of its 
parts in seconds, and from the observed latitude of Clifton, 
the northern extremity of the arc, deduces that of Dunnose, 
the southern extremity, and of Arbury Hill, an intermediate 
station which divides the total arc into two nearly equal 
parts. Don Joseph Rodriguez then compares the celestial 
arcs given by Col. Mudge‘s observations, with those resulting 
from his own calculations, and concludes that the total observed 
arc between Clifton and Dunnose is in excess 1", 38 ; that, 
between Clifton and Arbury 4^', yy; and that the southern 
portion of the arc between Arbury Hill and Dunnose, Is 3", 39 
in defect. The author adds, that « it seems almost beyond a 
** doubt, that it is to errors in the observations of latitude, 

“ that the appearance of progressive augmentation of deg^s ' 
“ towards the equator is to be ascribed," and that “ it is espe- 
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“ dally at the inteniK'diate slat'uni at Arlmry IliU, that the 
“ observations ol’thc stars are (Troneoiis nearly 5", notvvitli- 
“ standing the goodness of the instruments and the skill and 
“ care of the observer.'’ 

An error at Arbury Hill amounting to 5", couUI scarcely 
be supposed possible witit such an instrument as the zetiith 
sector, in the hands of Col. MunesE; and the less so, from its 
appearing that the latitude of Blenheim, deduced Irigimotne- 
trically from that of Arlmry Hill, difii'red ortly a fractioit of a 
second from the latitude obtained by the observations made 
with Ramsden’s quadrant at Blenheim observatory. On the 
other hand, it is not surprising that so great a deviation of tlu: 
plumb line from the vertical as 5",* which would indicate the 
existence of a disturbing force very nearly equal to that 
exerted by the mountain l^chohallion, should be received wiilj 
much caution. It became therefore veiy desirable to endeavour 
to throw some light on this interesting (juustion, by additional 
observations at Clifton, Arbury Hi!!, and Duimo.se, for tlie 
latitudes of those important stations, an operation to which I 
felt conjifknt that my repeating circle would mt be found 
inadequate, 

Before I proceed to detail the observation.^ made at Clifton, 
I must observe, that in the repeating circle, as usually con- 
structed in England, the level turns on the axis, and when 
clamped, is carried with the circle, wliich renders an additional 
operation necessary at each repetition, to bring back the level 
to ita former horizontal position. Imagining that if I could 
Qbiriate this, it would be a considerable saving of tin»c, I had a 

** 1l%« weight of the plumh Une is drawn towards the naik and not to tlie teutl>» 
HUMd'hy Coi, who probaMjr meant to expnw the directioo of the 

incUnstlon: iHsn the wrtie«d. 
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confrivanre ('xccuictl at Edinburgh, by which I could fix the 
level very lirnily in its horissoutal position to the pillar of the 
instruau'iil. 'Ehis being clone, the following observations 
wore made for the zenith distance of tlui pole Mar. The cor- 
rections for preccis.sion, &:c. are. iho.se usod at the Royal 
Observatory at Greenwich, and iho mean polar distance of 
the polo star is that resulting from the latest observations of 
the Astronomer Royal. 

'Fhe transit instrument was within one second in time of 
the meridian, the error of the chronometer was therefore 
deduced from the passage of the sun. 


Ci.t r ION, 5tl OcioIhi*, iS. B,uon»f tci zq^zo inches, thermometer chrono- 
metvi too 5*, 15. Pole star the inciidUu by the chionometcr 
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Clifton, 5th October, j 8 i 8 . Baron.cter 29,0 inches thermnitiefer 42”, chrono- 
meter too fast 2«,8. Pole star on the mcruUan by the cluononieter, 1 2i>,om.54*,4. 
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Cfcii'roN, fth Octolwr, i8i8. Barometer 29,20 inches, thcrinometer 42'’,chrono- 
meXT too fast iSo. Bole star on the meridian by the clironometer 1 1*>.56'".56*,7. 
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On comparing the three preceding results, a difference may 
be perceived between them amounting to .5",a4| ; and as I 
felt assured that the principle of the repeating circle was too 
perfect to allow of an error of this magnitude, a little reflec- 
tion led me to discover the cause, to be my fancied improve- 
ment in fixing the level to the pillar of the instrument. For 
in turning the telescope on its axis, flie friction, however slight 
it may be, tends to disturb the relative position of the circle 
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and level, and tlius to introduce error. In ibc usual con- 
struction tlu' level may be clamped tt) the circle, anti then u 
moves with it without any risk of derangement, 'rhis cam- 
struction was indispensable, in order that lltc instnunenl 
might be used for taking tcrre.strial angles, and it is to thi.s, 
perhaps originally accidental circumstance, that the repeating 
circle i.s indebted for its very near approach to jierfection 
After I had restored the in.strument to its former state, the 
following observations were made. 


Ci*irroN>8(h October, i8i8. Barometn 3t;»6o iiuhcii, IhcniioincU’t 46^ ChnMio 
meter U)o slow tut). Pole star tm the mmidum by the shiotjoimtcr 
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Clifton, izthOctolier, 1818. Bitroineler *9,56 inches, tliermoniefer 47“, chrotio- 
mi'ter too slow9*,o. t’ok star on the meridian by the chronometer i i''.33"Mi,6. 
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The difference between tlie two last results which were 
obtained after the instrument was restored to its original state, 
is not one second, and the mean of the three first differs only 
o",o5, and of the two last results o'^o6 from the mean of the 
whole. 

The station where the latitude was observed, was nine feet 
to the north of the cliimney of the room in w'hich the clock 
was placed ; and allowing four feet for the distance of the 
clock from the chimney, we have 53®.a7',4,3",i2 for the lati- 
tude of the pendulum. 

The distance of Laughtoji Spire from Clifton Beacon, by 
the Trigonometrical Survey, is 35409 feet, and it.s bearing 
to the south ‘West. With these data, and the angles 
observed on the azimuth circle of my instrument, and given 
in the Appendix* the distance on the meridian, from Clifton 
Beacon to the chimney of the room where the clock wa.s 
placed, was found to be 1546 feet, to whicli nine feet being 
added, and the arc corresponding to this distance sub- 

tracted from the latitude before found, we have 53".a7'.s9'',89 
for the latitude of Clifton Beacon. 

Before I availed myself of the distance of Laughton spire 
from Clifton Beacon, I had measured a base of 797 feet fur 
the same purpose, and this gave the distance of the chimney 
from Clifton Beacon on the meridian 1393 feet } but as I could 
not see the same part of the chimney from both ends of the 
base, this determination serves merely to check that before 
giyen, and to render it highly probable that there cannot be 
pf ^ perhaps not near so much in the 

Clifron Bwcon, 
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by the Trigonometrical Survey, is and this being 

added to 5i®.28',38",oi (the latitude of Greenwich) gives 
5g*.Q7',2,9",6o for the latitude of Clifton Beacon, differing only 
0^,39 in defect, from the result obtained by the repeating 
circle, and affording, it is presumed, a satisfactory proof (as 
far as this instrument is entitled to credit) of the accuracy of 
the observations made with the zenith sector, both at Clifton 
Beacon and at Greenwich. 

Latitude of Arbury Hill. 

The season was so htr advanced when I arrived at this im- 
portant station, that I could not expect numerous observations 
for the latitude ; but from the near agreement of the results 
at Clifton, I was encouraged to hope that the observations at 
Arbury Hill, though few in number, might prove satisfactory. 

The bell tent was pitched on the old station of the Trigono- 
metrical Survey, where the theodolite was placed. This spot 
may be readily ascertained from Col. Muoge's description, to 
within 10 feet. Pickets were driven into the ground, on 
wliich rested the legs of a very stout triangular stand, which 
served as a support to the Repeating Circle. Every precaution 
which I could think of was used to ensure accuracy. The 
instrument was adjusted, the telescope directed to the star, 
and the whole left for nearly half an hour before the com* 
mencement of the observations, in order that it might acquire 
an equal temperature. When the wire was brought very 
nearly to bisect the star, the tangent ecrew was turned a little 
in an opposite direction to release it from any strain, and the 
hand being withdrawn, the star was watched until Its bisection 
was perfect. The time was then noted, and the level carefully 
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read off by the non-oomrnls.sioiicd officer and myself, without 
either of us moving' from the place where we stood. In this 
manner the three following scries of observations were made. 
The error of the chronometer was determined by altitudes of 
the sun given in the Appendix, and its daily rate was 


Arbvrv Him., i8th October, 1818. Haromcltr inches, thcrmoincfci 
Chronometer too blow l*ole stai on the niciidian h> the ciinmomctcr 
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Ariuiry Him., Ocfobcr, I8i8. Barometer 29,40 inches, thcnnomi ter 45'’ 
Cluoin.nnftrr t»u slow ly,,;. Bole star on the meridian by the chronometer 

to'‘.S3"‘.4g»,7. 
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AuBtMMf HitL, 26th October, iSiB* Bnrometa* 29,51 ir«chc!», themiomrtcr 
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33«S 
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+ 18.00 
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36 . 6.40,9s 

+ 4*»*S 

— 1 1,64 
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- 3*7949876 

‘ 7**7»«44S 


True Z. D. « 36. 7.tii&s 

Mean 1*. D. for t8i8 4 1.39.44.13 

Freeeiiion, Jte. • ai.iM 


1.0661319 


Co. Lat, 37.46.34.30 


latitude of Arbury Hill 30.13.85,30 


The mean of the three preceding results is 
and the greatest difference i",ig. 

In the “ Account of the Trigonometrical Survey/* Col. 
Mudge states, that the zenith sector was put up 34 feet to 
the north, and »8 feet to the west of the old station at 
j^hi^y Hill / o,34'^must he added, on this account. 

' ‘ “ i ^ of the spot where the 
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The observed arc between Greenwich and Arbury Hill, is 
o® 44'.4.8'^1(), wliicli being added to the latitude of Green- 
wich, gives /j2‘'.is'.s6'S2o for the latitude of Arbury Hill by 
the Trigonometrical Survey, wliich differs o",48 m excess, from 
the latitude given by the Repeating Circle. 

Wc cannot then but conclude, tliat the observations 
made with the zenith sector, both at Clifton and Arbury Hill, 
arc free from any material error; and as the difference be- 
tween the latitudes of Clifton by the Zenith Sector, and by the 
Repeating Circle, was that by the Zenith Sector being 
in defect, and of Arbury Hill o'^48 in excess, it is extremely 
probable that the error of observation at either of these 
stations does not amount to so much as four-tenths of a 
second. 

A base of 906* feet was carefully measured near the foot of 
Arbury Hill, for the purpose of finding the distance on the 
meridian of this station from the pendulum; which distance, 
as appears in the Appendix, was 3048 feet, the pendulum 
being so nearly in the meridian of tlic station, tliat no deduc- 
tion on account of its bearing is necessary. The arc corres- 
ponding to 3048 feet, is 30'^, off, wliicli being subtracted from 
5aM3'.8S ',3a, leaves 5a^la^33'^33 for the latitude of the 
pendulum. 

Latitude of the Station at Lmdm. 

The latitude of Mr. Brownes house in Portland Place, 
deduced from the Trigonometrical Survey, as detailed in tiie 
Philosophical Transactions for. 1 8i8, is 5i®.3i'.8^^4, 
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Latitude of Shanklin Farm. 

Having- observed for the latitude of Arbury Hill, at the 
station itself, it was my intentiofi to have done the same at 
Dunnose, but this, from the distance of tlte station, and the 
difficulty of the ascent, I found impracticable. My observa- 
tions therefore were made on a spot which was ao feet south 
of the chimney of the summer-house in which the pendulum 
was placed. Previously to quitting London, the transverse 
level of the repeating circle was acyusted so as to render any 
correction unnecessary, and the axis carrying the telescoijc 
having been tightened, the index error was again carefully 
determined, and found to be The observations were 
made under circumstances peculiarly favourable, and though 
those forming the second series are few in number, in conse- 
quence of the pole star having been frequently obscured by 
light clouds, I consider them as unexceptionable. The cor- 
rection of the mean polar distance for preceisbn, &c. was 
kindly supplied by the Astrononfer Royal. 

By altitudes of the sun, given in the Appendix, the chro- 
iBMBdter was fast on the loth of May 4*.88S7, its daily rate 
being — i"78. 
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Shanklin Farm, May 13th, 1819. Barometer 3o,l4inche>, thermometer 47°.o. ' 
Chronomtter too fast 4“«4S‘> Pole star on the northern meridian by the chrono- , 
meter 9'’.37"'.3i‘. Mean polar distance for 1819, i°.39‘'.J4'''',7o. 


Chronometer. 


h. m. s. I 
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Shanklin Farm, May 14th, iSlicj. Baromefer 30.08 inches, thcrimnncter 
Chronometer too fast 4»i.43». Pole star on the northern nierttiiau by the chro* 
noracter 9’’.33'”,3S*. 


Jhronometett 


h. m. $. 
9-10,30 

9.13. 15 
9.18. 0 
9.26.4s 
944. 6 
9 46.10 

9.48.15 

P-S'- 6 
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Shanklin Farm, May 15th, 1819. Baromeier 30,02 inches, tberniomctcr 43“,5. 
Chronometer too fast 4“*.4i*. Pole star on the northern meridian by the chro- 
nometer p'^apin.iS*, 


Chronorticter, 

jUveU 

Time from 
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meridf&n. 

N.v* Sines, 
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App* P. D, 

— >. 39 . 3 «. 5 « 


xX4a:~~44>4 cor. for the level Co. Lat. - 39.21.35,69 

Const, Log. • - LatitutlcofShanhlin Farm 50.37,24,31 
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The mean of the three preceding results is 5®‘’'S7^»S"»77» 
and the greatest difference i",i 6 . If to this mean o ", 17 be 
added we have 5 o“.S 7 '-« 3 '; 94 j for theJatitude of the pen- 
,dulum. 

I had now to connect my station with that of Bunhose ; a 
work attended with some difficultjf, ah Shanklin farm could 
hot be seen from it, and the nature of the ground was veiy 
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unfavourable to the measurement of a base. The signal po.sf 
however was visible from the farm , and I selected the most 
level part of the hill I could find, on which, with the as.sislance 
of Mr. Franks, I rheasured a line of 1140 feet. The angle.s 
were taken with the greatest care, and are given with the 
other necessary data in the Appendix, from which the distance 
from Dunnose to the chimney of the .summer hou.se appears 
to be 3901 feet, and its bearing 60® 58' 11" to the north east; 
whence the di.stance on the meridian i.s 1893 feet, or 
The distance from the signal post was also calculated, and 
found to differ only one foot from that of the .station. 

Fearing from the nature of the ground on wliich thc^^basc 
was measured, that this determination might be erroneous, I 
was anxious to verify it by some other method. For this 
purpose I chose a spot on the side of the hill, which was very 
level, on which I mea.sured with great care a distance of lOo 
yard.s. The direction of this base was perpendicular to a line 
Joining the summer house and the signal post, In which line 
was also hs commencement. I then measured the distance from 
the signal post to the commencement of the base. By mean.s 
of eight iepetitions with the Repeating Circle, the at^le sub- 
tended by this base, at a spot aa feet from the chimney of the 
summer house towards the signal post* was determined with 
great precision ; and having also the angle of elevation, the 
horizontal distance from the commencement of the base was 


obtained, to which aa feet being added, and also the measured 
dismnee from the base to the Signal Post* the result was 3896 

Post* 'to the, chimney of 
feet' from the, former 



in the length of the pendulum vibrating seconds. 413 

If from 50®.37'.S3",94 (the latitude of the summer house) 
i 8'',67 be subtracted, we have 50®.37'.5",s7 for the latitude 
of Dunnose by the Repeating Circle. 

The latitude of Dunnose ivS stated in the “ Account of the 
Trigonometrical Survey,” to be 50°.37'.8",6, on the supposi- 
tion of that of Greenwich being 5i".88'.4o". But this latitude, 
as before stated, is found from the more recent observations 
of the present Astronomer Royal, to be in excess, if the 
French refractions be employed; therefore 3 o“.37'.6",6j is 
the latitude of Dunnose by the Trigonometrical Survey, dif- 
fering i",34 in excess from the result obtained by the Repeating 
Circle, 

I may here remark, that the latitude of Dunnose deduced 
from the observations made with the Repeating Circle, differs 
only o", 03 from the latitude of that station given in the first 
volume of the account of the survey, and which appears to 
have been derived trigonometrically from the latitude of 
Greenwich. 
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Results of the preceding Operations. 

It now remains to jjjive in one view, tlu' results of tint ope- 
rations that have been detailed. Those are eoniprised in the 
following table. It would have boon ilesirahle to have ev- 
pressed the length of the pendulum vibrating seconds, in parts 
of the scale which forms the basis of the 'IVigvUUtmefrieal 
Survey of Great Britain, the Commissioners of Weights ami 
Measures having agreed to rccommeiul, that “ the standard 
‘‘used in the Trigonometrical Survey of Great Britain shouhl 
“ be considered as afior<ling the most authentic determination 
“ of the linear measure of the United Kingdom.'* But as 
experiments arc yet wantitig to enttble me to do this with 
sufficient accuracy, I have given the letigth of the pendulum 
in parts of Sir Georgk SinrcKBuncni's .standard .scale, the 
correction for the difference between which, and the national 
standard of linear measure, may be readily applied hereafter. 

The length of the pendulum vibrating seconds in tha latitude of 
LondoHfis stated in the Phil. Trans, for 1818, to be 3,9,1386*0 
inches. But I have here to notice a very important omission, 
which lam obliged to Mr.Tmvomovt for having pointed out in 
the first number of the Edinburgh Philosophical Journal. It may 
he seen that in computing the specif c gravity of the pendulum, / 
have neglected to include the deal ends. Anxious to supply thi.s 
omission in the most unexceptionable manner, I thought it 
best to take the specific gravity of the whole iwtjdulum, and 
for this purpose requested Mr. Barton, Comptroller of his 
Msoesty's Mint, to allow me the use of the fine balance lately 
Oinitructed under his directions, a request with which he 
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mOvSt obligingly complied, and favoured me with bis assistance, 
and with every requisite for making the experiment. 

A deal trough was prepared seven feet long, nine inches 
wide, and the same depth. The pendulum was slung hori- 
zontally from the scale pan, by a fine iron wire. The weight 
of the whole w'as carefully determined in air, and found to be 
66904 grains. The trough which had been previously placed 
beneath the pendulum, was then filled with distilled water, 
and the weight of water displaced was found to be 9066 
grains. The small portion of jron wire which was immersed 
in the water was carefully noted; the weight of the wire by 
which the pendulum was suspended was 56 grains, and the 
weight of water equal in bulk to that part of the wire which 
was immersed was 2,5 grains. The temperature of the water 
was 68®, and that of the atmosphere 62” ; the barometer 29,9 
inches. Hence we have the weight of the pendulum 6^58,8 
grains In vacuo, at thetemperature of 69*; the weight of an 
equal bulk of water at the same temperature, 9068,4 grains ; 
and^he resulting specific gravity of the pendulum, 7 ,S 7 ® 7 * 

Employing this specific gravity in computing the allowance for 
the mean buoyancy of the atmosphere, we obtain ,00624 
correction instead of ,00545, the former erroneous conclusion. 
Besides this, the allowance -J- ,000^ t for the height of the pen^ 
dtilum above the level of the sea, should, according to Dr, Young's 
investigation, have been multiplied by making -j- ,000a 1 of 
an inch. These corrections being applied, we have 39,13959 
inches of Sir G. Shuckburgh's standard scale, for the length of 
the pendulum vibrating seconds in latitude of hondon. 

Wishing to compare with this, the result which would have 
been obtained by means of the weights and specific gravities 
of the different parts of the pendulum, I carefully measured 
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Of the Figure of the Earth, 

The deviation of the figure of the earth from a perfect 
sphere, is expressed by a fraction, having for its numerator 
the difference between the equatorial and polar diameters, 
and for its denominator the diameter at the equator ; this is 
termed the compression or elUpiicily. 

If the earth were a perfect sphere, composed of homogene- 
ous materials, as a fluid, and at rest, gravity at every point in 
its surface would be the same. But if this sphere were made 
to revolve about an axis, its particles would endeavour to fly 
off with a centrifugal force proportionate to the distance from 
the axis of rotation ; the equatorial parts would become ele- 
vated, those at the pole and its vicinity depressed, and the 
sphere would assume the form of a spheroid, the centrifugal 
force thus generated acting in opposition to gravity, and 
diminishing it more and more from the Pole, where the cen- 
trifugal force is nothing, to the Equator where it is a 
maximum. 

But Ijesidcs this diminution of gravity from centrifugal 
force, in proceeding from the pole to the equator, a farther 
reduction takes place in consequence of the elliptical form 
which the earth has now assumed. For the parts about 
the Pole being nearer to the centre of the spheroid than those 
at the Equator, will bo more strongly attracted, and this farther 
reduction of gravity, whatever it may be, varies with the 
figure of the earth, and as we shall presently see, with a 
variation in the density of tlie strata of which it is composed. 

If we qonceive two fluid columns meeting in the centre of 
such a spheroid, the one proceeding from the Pole and the 

MDCCCXIX. 3 1 
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other from the Equator, it follows in order that the splicroid 
may preserve a state of equilibrium, that the pressure of the 
equatorial and polar columns on the centre must he equal. 
The equatorial column then has been lengthened in propor- 
tion to the diminution of its gravity. The ellipticity therefore, 
and the diminution of gravity from the Polo to the Equator , 
will, on this supposition of a homogenous spheroid, he ex- 
pressed by the same fraction, which Nkwton has demonstrated 
to be 

If now we suppose new matter to be added to the centre of 
such homogeneous spheroid, or its density there to be in- 
creased, this matter, by its additional attraction, will cause a 
greater increase of gravitation at the Pole than at the Equator, 
in consequence of the distance from the l*«Io to the centre 
being the less ; but tlic equatorial column bcittg the longer, 
and therefore consisting of a greater quantity of matter, its 
gravity or pressure on the centre will be more increased by 
this new attraction than that of the |x>!ar column ; and in 
order to restore the equilibrium thus de.stroycd, the polar 
column must become longer, and the equatorial column 
shorter than before. Thus the ellipticity of the spheroid will 
be diminished, but the difference of gravitation at the Pole and 
at the Equator will, at the same time, be increased. 

Huygens considered the whole attractive force to reside in 
the centre, or the eartli to be infinitely dense there, and on 
this supposition, computing its ellipticity, he found it to be 

t 

But experiments with the pendulum soon sufficiently proved 
t|iat iJne earth was neither homogeneous, nor, it is scarcely 
neces^ to say, ififinitely dense at its centre; but that It 
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probably increased in density from the surface to the centre, 
the ellipticity being consequently somewhere between 
and 

As it appears then that tlte ellipticity of the earth varies 
with any difference in the diminution of gravitation from the 
Pole to the Equator, and that this last depends in its turn on 
the ellipticity ; it might have been supposed that any attempt 
to arrive at the figure of the earth in this way must have been 
hopeless. 

But it was reserved for Cjlairaut to remove this difficulty. 
He found that however the density of the earth be supposed 
to vary, the fraction expressing its ellipticity increases as the 
fraction expressing the diminution of gravity from the pole to 
the equator diminishes, and vice versa ; and in his admirable 
■work on the figure of the earth, he has demonstrated this 
beautiful and important theorem; that ty sum of the two 
fractions expressing the ellipticity and the diminution rf gravity 
from the Pole to the Equator t is always a constant quantity ^ and 
equal to | of the fraction expressing the ratio of centrifugal force 
to that of gravity at the equator. 

If then the decrease of gravity from the Pole to the Equator 
can be discovered, and it be subtracted from this constant 
quantity, the remainder will be the fraction expressing the 
ellipticity of the spheroid. 

The diminution of gravity may be known by finding the 
difference of the lengths of the two pendulums vibrating in 
equal times at the Pole and at the Equator, as it may be easily 
demonstrated that th<!^ lengths of Suedi pendulums am tb each 
other directly as gravitation ; or, if an invariable pendulum, 
such as 1 have used, be employed, the squares of the observed 
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numbor of vibralioii'! in '.’4, iKniir., in tlilloivni \v'il! 

be to each otlicr as jjfnivitalioit in snob lafitucK s. 

But as experiint'ijts on the [)en<lnlmn cannal bo made at the 
Pole, it remains to describe the manner in N\hich the tiiminu- 
tion of gravity from the Pole to the I''quutor, niiiy be obtained 
by observations made at inteniKHliate si ai ions. 

I have reniarkeil, that the ('('titrifugal roiv<' varies as the 
distance from tlie a.xis of rotation ; that i'. as tin* cosin<‘ of the 
latitude; titus at the Equator it is th<* greatest, at (he Poles* it 
is nothing. 

But ilie whole of the centrifugal force does not act in oppo- 
sition to gravity except at the Ktjuator; for let cd be the 
direction of gravity, that of centrifugal ibree, ami let the 
centrifugal force for the latitude et, he expresssed by the 
line ah; if this bo resolved into two forecs ad and <//>, that 
portion which acts in opposition to gravity will bi> expressed 
by ad. But it' ah be nja<lo the radius, 
ad is the cosine of the angle dah^ ss 
acft the latitude of the point a. The 
effect then of the centrifugal force at 
a, in counteracting gravity, is still 
farther diminished in the proportion 

of the cosine of the latitude to the 
* 

radius; whence it follows, that the 
diminution of gravity from this cause, in proceeding from the 
Pole to the Equator, will be as the difference of the squares of 
the cosines of the latitudes. 

From the expression for the force of gravity at the surface 
of a spheroid,* we may readily perceive that that part of the 

• /ttt 1 1 + "j* • io which th« sin* f !i the only mlibte qtien- 

tlty, p being the angle of the terrettrlid radloe with the Equator. 
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diminution which depends on the elliptical form of the earth, 
i'ollo\\'s very nearly the same law ; therefore the increase of 
grr.vitalion in proceeding from tlic Equator to the Pole, may 
be taken as the increase of the square of the sine of the lati- 
tude;*' and this will also express the corresponding variation 
ill the length of the pendulum. 

I^t E sss The length of the pendulum vibrating seconds at 
the Equator. 

d ssi The difference between the length at the Equator 
and at the Pole. 

mzss The length of the pendulum in the latitude L. 
n sss The length of tlie pendulum in the latitude U. 

Then from what has been stated, 
ass E -j- L 
« as E sin* L' 

« sas (E -j- sin*L)i-- (E 4- «^sin*L') sa ^(sin* L— sin' L') 

3n7r+i^^(i:=i?j 

and E s=s m — (i/ siif L.) 

I 

Therefore y expresses the diminution of gravity from the 
Pole to the Equator, which being subtracted from ^ of the pro- 
portion of centrifugal force to gravity at the Equator, will give 
the ellipticity of the spheroid. 

The centrifugal force at the Equator is expressed by the 
deflection of a point on its surface from the tangent, in one 
second of mean solar time. This is equal to the versed sine 
of 15", 0418, the arc which the earth describes in its diurnal 
revolution in one second ; and taking the radius of the Equator 
at 3967,5 miles, is found to be ,055696 of a foot. 

* The (in * q- the cosine * is a constant siuantitjr, equal to the radiutS conseqoentif 
as the cosine * diminishes, the sine* must increase, and vice versa. 
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If g, be the space a body falls thnMigh in one second of 
time at the Equator, L the length of the seconds pendulum, 
and £ the circumference of a circle, the diameter being t , 

g BBS If L X C*. 

The length of the pendulum vibrating seconds at the equator, 
deduced from the observations at Unst and Dunnose, by the 
preceding formula, appears to be 39,00734, incites, and g, or 
gravitation at the Equator, to be equal to 16,041ft feet. Hence 
the centrifugal force at the equator is jj— of gravitation, or 
of gravity ; which last being multiplied by we liave 
,0086501 for the sum of the fractions expressing the ellipti- 
city of the earth and the diminution of gravity, from the Pole 
to the Equator. 

In the following Table are given the diminution of gravity 
from the Pole to the Equator, and the resulting compression, 
deduced in the manner which has been described, by com- 
paring the observations at each station, successively with 
those at all the others. 
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Diminution of gra- 
vity from the rok 
to the Equator, 

Compression, 

Unst and Portsoy 

,0053639 

X 

304»3 

Leith Fort 

,0054840 

1 

3>S.8 

Clifton 

,005634.0 

I 

331.5 

Arbury HUl 

,0054382 

X 

$^'>3 

London 

*0055510 

i 

Dunnose 

*oo55a6a 

X 

iaoit 

Portsoy and Leith Fort 

,0056930 

t 

338.0 

Clifton 

,0058194 

1 

353.* 

Arbury Hill 

*0054620 

1 

3«3»7 

London 

fOosSjSx 

1 

Dun nose « 

,0055930 

X 

. 316,9 

Leith Fort and Clifton , - 

,0059033 

1 

36410 

Arbury Hill 

,0053615 

X 

304* * 

London • 

,0056x86 

X 

32 t 9,8 

Dunnoso 

,00556x4 

X 

3 « 3»7 

Clifton and Arbury HIU 

,0042956 

X 

' * 39 jlS" 

London 

,< yQS»sgo 

*94.9 

Dunnose 

,0053616 

1 

' 395,1 

Arbury Bill and London 

,0069767 , 

r 

^ isM.v , 

",:Duniia«e/ . 1 

''■•',©060*13'’ ’ 

' ' '* . 

380.3 

London and jDunnote * j 

,005*837 

I, 

'a97'.e 


From the experiments ftven in the former part of ^s 
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Report, it appears prohabU*, that if the inu'ortaiitty \vlii( b 
must exist in the allowance for tlic hcigiif above the level ol 
the sea he excepted, th(‘ error in the nutnber of vibrations {>1 
the pendulum at any particular station, docs not amount to so 
much as one tenth of a vibration, which is Jtearly eipiivalent 
to part of the leiij^ih of tin’ seconds pendiiltnn. 'i'o 

this degree of accuracy consequently may gravitation he 
determined by the apparatus I have employetl ; .mil in passing 
through a country compos’d of material': of varioie: densities, 
the pendulum may he expected to indicate such vaiiittion with 
very coiivsidcrable precision. 

The diminution of gravity fro u the Pole to the Kquabir is 
derived from the decrease whicli is observed to take place 
between any two given latitudes ; consequently if no irregular 
attraction occurred, the results, computed from dilleri'ttf por- 
tions of the meridian, should he tile same. Rut it tuay he seen 
in the preceding table, tliat the number expressing the diminu- 
tion of gravity, from the observations at Uust atjd Portsoy, Is 
less than that deduced from the arc between Hn.st ami U’ith, 
and that this number goes on incxeasittg to t'lifton, jliiuinishi's 
at Arbury Hill, and increases again at London. It m:iy also 
be remarked, that the di«ntnuli<m of gravity, derived from 
Unst and Dunnose, is less than that deduced from Portsoy 
and Dunnose ; from all whlcli it seems probable that in ad- 
vancing southward, gravity decreases tnorc than it ought to d») 
from theory ; that titcrc exists an assemblage of malcrials of 
greater density than common in the vicinity of Portsoy, and 
tbjit the density of the strata to the southward becomes loss 
and iim mdl wa arrive at Clifton, where it seems to l)e con- 
aideraUl in defects 

At Arbtiit^ mil, a sudden increase of gravitation is [Hjrcep- 
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tiblc, an/f at the short distance of London, this additional force 
is no sensil)le. From its intensity, and the limited 

spheiv of its at'tion, it might perhaps be inferred that the dis- 
turbing nuitcrial is of considerable density, and not very 
distant from the surface. 

It must be evident that nothing very decisive respecting the 
general ellipticity of the Meridian can be deduced from the 
present experiments. For this purpose it is requisite that the 
extreme stations should comprise an arc of sufficient length 
to rcitder the effect of irregular attraction insensible ; and this 
effect might be diminished, if not wholly prevented, by select- 
ing stations of similar geological character, and which should 
differ tis little as possible in elevation above the level of the sea. 

If however some deduction be made for the superior den- 
sity which it has been remarked exists at Portsoy, the com- 
pression -5^-^- deduced from that station and Unst, may perhaps 
be considered as nut far distant from the truth, both being 
situated on rocks of a similar nature ; Unst consisting chiefly 
of serpentine, and Portsoy, of serpentine, slate, and granite ; 
and as .|vt» eliii>ticity given by the experiments at Unst 
and Arhury Jlill, is nearly the same as that resulting from 
Unstand Portsoy, it would be no improbable conjecture that 
the sudden increase of gravitation observed at Arbury Hill, 
may be occasioned by a rock of primitive formation, a pproaoh- 
ing the surface of the earth in the vicinity of that station.*' 

These facts appear sufficient to ex plain the a nomalies which 

• Since the above wav written, 1 find the conjeetiire l haw haiaitled remirJtablf 
lupportedby factj far on coiwaltingSmTH’i Geological Mapbf England, it appear* 
that Mount Sorrel* a mai* of granite, is situated, together with other rock* of primititre 
format>on,'about 30 mile* to the north of Arbury Hill. 

MDCCOXIX 3 
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have been remarked in the 'rrjgi)nonu'lri''aI Survey nf(?reat 
Britain. For if (he disturbing ibreo in the neiglihourhoud 
of Arbiiry Hill, were supposed to be situated to the luu'th of 
that station, the plumb line would be attracted northward, 
the observed latitude would be less than the true, and tlic 
length of the degree deduced from the are hetweetJ Dunnose 
and Arbury would be in excess, and that di'rived from the 
arc between Clifton and Arbury in dtdect. 'I'his last error 
will be augmented, if we suppose the attraction of the inatu*r 
near Arbury Hill to be felt at Clifton, and the plumb line at that 
station to be drawn towards the .south. 

M. Biot, by a comparison of hi.s numerous experiments at 
Unst with those made at Formentara and Dunkirk, in con- 
junction with M. Arago, obtains for the resulting com- 
pression. But if the allowance for the elevation of Kormentara 
above the level of the sea, he corrected in the inaniuT sug- 
gested by Dr. Young, the elliptieity should be about , | . 'I'he 
details of M. Biot's experiments have not yet been published, 
but it affords me much gratification to learn, that the accelera- 
tion of the pendulum between London and Unst, computed by 
M. Biot, from his observations at Uit&t and those at For- 
mentara, using for the compression, differs only o',6 
from the result of my experiments ; a difference whicli may 
probably be referred to the superior density of Unst, com- 
pared with that of the substrata of London. 


London, June, ttio. 
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APPENDIX. 


CONTAINING THE OBSERVATIONS FROM WHICH THE 
PRECEDING RESULTS WERE COMPUTED. 


Observations for determining the rate of the clock. 

With respect to the following Table of Transits it may be 
necessary to remark that the results in the column headed 
“ Mean Chronometer,” were obtained by taking the mean 
of the 1st and 5th wires, of the ad and 4th, and again taking 
the mean of these means and the third wire, instead of tak- 
ing the mean of the five wires, which is the usual method. 
This was done for the sake of comparing the result of each 
pair of wires with that of the meridian wire. 


Transits observed at 


Date. 

Sttn, 

1 

8 

3 

4 

S 

Mctn 

Otronuineter. 

Cloelp 

iSiS. 
Jtilj* it 

Areturws 

9 0|>hiuchi 
» Hui pentif 
» Lyrse 

A Orioms 

h. 

8.14*0 

iai 3 .is,o 
10.30.4a, s 
n.434J 

m. 1. 
8.35,5 

I *.36,0 
3 ** 9*5 
44 * 

m. t. 
859,0 
SO. 9,5 
t!(.f7,6 

JJ.SAS 

4+.*3.S 

m. s. 

1 3* *8,5 

4445»<» 

m* s. 

9.44,6 

* 349^^5 
3 »' 3 ?i 3 
4S* M 

}i. m. t. 

A B.59 

9 - 50 . 9.5 
10.18.57,17 
10.51.56,58 
*1.44*3.67 

h* m *$ 
5*14*18,14 

9 - 55 - 3 A 4 * 
io.i8.iS5,c8 
10.37* s 
21*50*15,3 

^4 

0's cei;trc 

0. 5.87 

A49.S 

7*«a.*S 

7-35 

7-57 

0. 7 # 18*1 7 

0.13.59,3* 


Oft bphittcbi 
» Ophlncbit 
«» Serpentit 
% tyrsB 

9'*S- »-S 

9* —r- ' 

to. 0 . 3 J ,5 
10.18.50.5 

*S‘*4' 

37*S7.S 

0.4S-S 

19.17,5 

38. >9 

I. §,5 

*9-44 

*A m 

38r40.5 

i.a7,5 

20.18 

t6.*9 

*>49 

zo.38,j[. 

9*38^ *9 

lOe 1 . 5,4] 

10. 19, 44, 4t 

9'*|4pS6 

0.46.18,11 

10. 9- A* 

io.a7.44,8»; 

iO 

1 1 

O'icentre. 1 

I 

oi 

0. Ash 

ffii applied 

A4A.75 ; 

to the f ci 

7* 9.*S 

pement oi! 

7'3i.7S 

thotttRtqp] 

7-S4.I! 

Htigdied 

0. 7, 9.33; 

sek. ' 
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Date. S 


h. tn. j». nu s, nu s. | m. 
2 K 25 . 5 S»S 


64r>»25| 7. j 74 ' 

3 


|ii Scrpentis 


942 , 19.5 
10.14424 


0.12 3J45 
8 , 34 . 85,5 


8 . 14.39 
8 -S 7 - ? 
S-SS-I? 
9 .rt.$j ,5 
9 . 44 *|« 

I 

li* 94 * 


10.1(1.19,86 
10,38. J3.58 
10.55.13,68 


I 3 * 4«.75 
35 * 5«>5 

14 4 
15 * 5 » 

0.4,ir;,66 
8.35. 8,92 

0.1441462 

H4643160 

ij.34.5 

M.56.5 

<U5,U>2i; 

0.15. 7,95 


* 3 - 34 “ 
8.59 


'* 4 S. 7 S 

0.45 

19.*! 19.43 

4148,5 4».lO,5 
4374 4394 

» 3 '* 7 .S » 3 -SS .5 
49 ->a 49*34 

35*40.5 5 ** 3 
34 * 3.5 34 +S.S 


15. 0,5 i5.<a 15.44 

| 7 *» 8 .S 37 * 49.5 38.H.S 

S0.18 e.39 I. o#s 

19. » 19.89 19.56,5 

44 *S*.S 4 S‘« 3 .S 45*35 

|t.ao,5 514a 5a. 4 

«|.>4 >345 >4 7 

JO. |,| ! 0 .a| 50^6,5 


16. 5,5 
38 . 38,5 
Ml, 5 
ao.aj,5 
45*50 
S***S.f 
1418 

3 »* 7.5 


0.11.45,9* 

5 * “45 
8.19.11,16 
8„5 1.48,66 

9 . 437.83 

9 *» 3 ** 7 . 9 * 

9 . 49 *«* 4 * 

9 . 55 * 40.83 

10.34.13,66 


8 .i 5 <a>,i 7 
8 * 37 * 49.75 
9. 0.39. «7 
9.19.19,10 

9 . 45 *« 3.58 

^51,41,08 

«o*» 3 * 45.33 
10.30.14,91 


8.10.13,59 

8.4141.94 

9. S* 3».03 
9.14.11,51 
aso. 7,81 
9 S«* 36 . 5 » 
iai 8 . 40 , 5 t 
10.35.10,47 
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10,25,43,5 1 26. 


Transits observed at Portsov- 


•ad Series. 



o,t%AOi6z 

448*50 

8. 7.315.67 

0.1 147,72 
448.35,44 
8. 7.17,18 

8. 3.28,17 
8.25.56,08 
848.45,25 

9 - 7 35>>7 
10, 1.51,5 
10.18.30,92 

8. 4. 2,83 

8.26.3146 

849,21319 

9. 8.n,68 

10. 2,29388 
10.19. 9,84 


3,50 4.11,1 

86.17.5 26.39 

W- 6.5 49 -» 7 -, 
8. 2,5 8.29, 

2.13 2.34 

18.52.5 19.13, 


12. 6,25 <2.37,75 o.i<.44>t2 0.1249,27 
41.16 39 4.40.53,5 4.42. 6,56 

59 51,5 eo-JS 7 'S 9 * 9<^7 8. 0,48,78 

2liS,5 23.40 8.2157 823.16,94 

45. 7,5 45 *9 8.4446,33 8.46. 7 

4 - 3 >S 4 30.5 9 ' !* 36>‘7 9 ' 4 'S 7 >S 9 


«53 
37 19 

SS- 53,7 
41 10 
60, 6 



0.10.33,55 10,55,25 11.16,75 11,38,65 12.0,45 


S «'34 

u. 1,5 

PS* 

55.40,7 

0.30,6 


31.44 


S*-,S '5 
1423,2 
37.13,3 
56, 8 


30.^, 8 

53.11,3 



. 5 *- ‘ 7-3 

14.44,5 

3 H 3.3 

56,35 

5 '’- 39 .« 

7 -» 9«3 


3946,7 439. 4,70; 
10.48 , 8.10. 5,18 
S3.3®*8 8-3».S4-4‘^ 
53^8 8.5<4},9S 
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HfUd wife. 


i 

Mfdn 


Date* 

Startf. 

t. 

2. 

3 - 

4 ‘ 

5 . i 

I’tfrfiniimrift* 

t M , 



h* m. 5. 

m . s . 

m. h . 

in. *u 

in. s, ] 

h . Ill, V, 

h in. s. 

Aug. 19 

/ utHml) 
® s\*dliml) 

0. 9. 0*7 

9.11.1 

ii. 3 *.S 

n.54 

in, ^,0 

u. 374 (; i 

1 0 . 10 .( 9,15 

<» * 4 . 49 »i 8 



Transits ohsmeti at Lfitii K<rar.-.^isf Srris^v. 



P 

f i apricorni 

9.49.15,1 

4947 * «» 

9*5 

^0.52 


9 5 ". 9 .f '5 


i Rciuulei 

*< 5 . 37 - 3 *i 7 


(8.14 

5855 

58.56, t 


u .i;,46.U 


0 Aquirii 

10.52,45 

53 . 


<ii- 4 V 

5 +. 1 '’ 

"'.M..t;. 4 ; 

UM 1.59.93 


iP.gasi - 

n. 5.57 

6.1 8,? 

6.51), 5 

?• ' 

7.2;, 7 

u. 6.v;,r 

It , ^. 12, 51 


0 Aqti irii 

11.14.35,1 

24.56 

25.17 

15 38.5 

26. i 


11.14.50,38 


7 Aqu rii 

11.41.53,4 

43.14,1 

4.5.55.3 

,|!. 56,5 

.14,18 

n.,n'n. 4 <( '«*, 4 V 


ifAquaiii - 

n. . 

59.16,7 

59.37.8 




n, 55;, 11,46 

Sept* a 

,,, ) istlimb 
® ‘ j id limb 

0. 9.20 

7.,?*.7 

9 . 4'.5 

7.5.1 

10. 1,5 

tO. 2 .} 

8,57 

"'•• 15.5 

1 0, 8,58.45 

0. 9.18,05 


» Ciipriconii 

9.41.14,5 

41.46.8 

41. y 

4 M'.! 


9.42. t;,n; 

9.42.40,21 


1 Aquarii 

10. 0.42*4 

1. 3.8 


*‘47 

>■ 8,4 

10. 1.15,17 1 

lu. 1.56,91 


« Etpiulei * 

io.a9,$o»9 

* 95 '-9 


— * 


10. ^a* 

UMP, 45 , 3 i 


0 Aquaru •* 

X 044,4 5 

45 > 5.5 

4 S .*7 

45 . 4».3 

46. 9,7 

10.45.2;, un45.59.62 


9 Aquarii - 

11.16.34.5 

16.55,7 

17.16.5 

17,18 

* 7‘?9 

II. 17.16,; 

ii.i 7 . 49 . 9 » 


n Aquarii - 

11,53.57.1 

Sfi 8,3 

S4..59.5 

55. 0,8 


i" 5 (. 19.55 

>'. 5 S‘», 3.67 


f I’eguri 

12. 0, 6,S 

0.18,3 

0.49,8 

f.Ui; 

'•3,5 

11. o.(9,87 

11. 1.14,05 


Capricorni 

p, MM..., 


54.12 

34.34.3 

34.56.6 

9,54.11,98 

9 . 55 . 4*.*6 


1 Aquarii • 


53 - 7 

53.*».3 

53.50 

54.11.4 

9.55 28,41 1 9 54.59,09 


« Bquulri 

10.11.33 6 

xt.$ 47 ^ 

«a,i6 

m ? 

11.58,3 

tU.22.i5.95 



0 Aquarii - 

10.36.47.3 

, 57 - 8.5 

37 .* 9.5 

37.5 « 

3 **A »»3 

10,17.29.08 

UM 9 ‘ 


• Pcgaal 

10,49.59.* 

11. 8.37,1 

50.10,5 

50.41,8 

5 «. 3.5 

51.15 

10,50.41,99 

">. 5 i.i 3»94 


6 Aquarii - 

8.58,3 

9.19.4 

9.40,8 

I0« X 

**. 9 ^m 

11.10.5*, 95 


7 Aquarii - 

11.30.55,6 

17.16,5 

*7.37.5 

17.59 

28,19,9 

11.17.37,67 

1149.10,60 


X Aquarii 

u* •*•*»** 

43.18,8 

43.59.9 

44. t 


ti.4 

1 1.4*1* V ^‘7 

l■i 

8Peg*il - 

J Id namj.finiii 

S*. 3*.7 

S*. 5*.5 

53 .« 4.5 


11.51.51,81 

1 (.54.26,26 

s 

BBiiiiiii 

0. 8.13.3 

8 . 36.9 

6.47.8 

8.56,1 

7. 9.* 

9.17.5 

7 - 3 ".* 

9,38,8 

}o. 7.5 '.93 

0, 

6 

^,,1 Ml limb 
®“l*dl!inb 

0. 5.41.8 
0. 7.51 

S .4 

Seia 

6.15 

8.33.3 

6.46,4 

8.5s 

7. 8 
9.16 


0* 9.51*50 


Tnniiti obierved tt Liith Foi.T.»sd Serin. 


9 Aqttvii 



l» AOUlmM 
fPefeiilf %<»*|, 


10. 541 
)0.»o.j5 
i&Sf 7 
tftSHS 


6. *4 
%hi 6 

Sf* 8>3 

jj« i 
,>7«4^ 

ijmtf 
mh* , 

) 


6.J34 
81.37M 
3449 »» 
53.»7 
il. 7.3 
* 747»5 

37. e»! 

ss* i 


64s 

*«.S 9 

S 5 .*> 

S 34*4 

i 8.«9 

18. 9,3 

3 i.ief3 

37 .» 

5I*5 


7. 6 

S1.30 

3 S- 3»4 

St 9.0 

18,50 

*8.30,3 

3a'3».S 

3744 , 

$S 4 W 


«a 8.*3f53 
I0.2}«}7t47 
10.34.49,6? 
jo.53.17, 17 
n.i». 7,43 
n.» 7 . 47.8 
11.31.48,68 
ii.37. 0,6 
11.55. 3,07 


10. *.39,48 
10.17.51,83 
10.31. 0,30 
10.49.44,** 
ti.if*5,o6 
11.4 5.88 

11.18. 0,69 
»l. 33 '>«. 7 S 
11,51.*!, 57 
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WnuUwjtf 



Mr 3 n 


Date. 


Start* 

L 

2. 

3 - 


< 3 ’ 

( htf t, 





h, nu $, 

m. s. 

m. 

«1. . 

nu 'u 

It. ttl, *1. 

b, m. s. 

s 

O’s 

f limb 
; ad limb 

n-iAjo,; 

47. u 

49*aoi6 

4'-55 

4941.8 

17 ’^ h 

o». \ t 

•18 15.? ' 

V -'t-, 

j 1 '.+8. 37.5., 

'•■id. 8,6+ 


tr Aqiiilas - 

6, 

— 

Jf 5 ‘J 

H ‘’'J 



" !-t-» 7 . 1 S 


» Aquil» - 

64 i;.s (>4 

46.17,7 

46.39 

r- ^*.<1 

4 ' 21,.^ 


646. 7,11 


8 Aquilse - 

7 - S' 5.?-4 

6-14.5 

6 3 ,.6 



-. 6 5 v 6 , 

'■ <'■ J‘ 7 S 


1 Aquarii - 

741.40*6 

42. 2 

422?, 2 

4 M 5 

! 5 . '.J 

7.424MK 



Aquaiii ^ 

9. 0. 6 

0,27,2 

04H 

1. 0*1 


q. a,|b,i J 

'! 0 15,68 


y Aquani 

9.1542,7 

16,13,7 

16.33,9 

j6 >6 

i^V/ 

9 >6 34,87 

q Hi. laj 


fl Aqimrii - 

y.*i;. 35.1 

ly 56,5 

3 " 17.4 

30,58,9 

11. 0 

pU//2 

9 '‘')+i> 9 * 

6 

o’s. 

' I si limb 
2(1 limb 

M 4 f>. 30,5 

ii 4 «.j (?,7 

46,51*9 
49. 1 

47 - 1.5 

4911 

47 - 54 . ' 
4 'M !4 

47 - 55.9 
,0. +.7 

1 11.48.17,631 

n. 47 , 40,36 


r Aquilat - 

6.3a lHiH 

30.39,9 

31. 1 



6 31. 1,117 



% Aquib - 

64I.sSI,j 

42.19,5 

.l.i. 4‘'.7 

4 ! -2 

4 »-- 5.8 

b,. 12.40,87 

6.42. 0.57 


8 Aqmlse - 

7. 1.53.4 

1.1 6,3 


/ 58.; 

i tq ‘9 

7, 2 ^7*^ 

7 ’ * ? 7 HS 


Aquaiii - 

7.37414 

38. 4 

38 .» 5 .* 

1 M 7 

5 V 8.i 

7 - 1 «.*v 3 . 

7 r/’ 44’*75 


« Kquuld * 

8. 6.33,8 

<>■53 „ 

7.16 

7 - 57 ..t 

7.58.7 

8 7.16,15 

8 6.35,35 


Capricorn! 

8.16.35,3 

16,57.8 

27,20 


18. 5.5 

8,27.20,27 

8 26 39.37 


» Aquaiii - 

8.j6. 8 

56.19,4 

56.50,1 

SA "4 

57,31.8 

8.56.51,, 3 5 

H.?o, 


y Aquarii « 

9.11.54.8 

IXt6 

1 1.36,9 

11.58 

If. 19*2 


91 * 4 ^ 7 * 


j) Aquarii « 

9 <m 7'7 

*S' 58.7 

16.19,5 

l6..t 1 

17 . 1 

916.19, 73 

9 .i 5 ' 38.43 

S 

O's. 

'ist limb 

1 ad limb 

n 45 .S *>8 
11.48. 1,8 

46,14 

48.13 

46.35 

48 44 

+6.56,8 

49. 5.5 

47 ' 7 .y 
49 *7 

) •■.47-19.78 

I •- 4 <'- 45.38 


<r Aquilae - 

6, — *•- 



13.17 

13.48 

6,15, 5,67 

( i . st , 8,91 


8Aquil« * 

6.53.58,9 

54 . 20*3 

544 «. 4 


55 -^ 

6.54.41,53 

6,5 3,44,63 


1 Aquarii^ • 

» Equulei « 

7.19.47 


3 <i.j . 

)I.I 3 

7.30.31, 

7 .«;. 31.8 


7, ***•• 


«• 

594 * 

60. 1,9 

7.59 » .58 

7-58.13.18 


Capricorni 

8.18.39,7 

19. Ill 

« 9 .* 4 .S 

19,4 .,1 
49,16 i 

*0. 9,8 i 

8.1914,6^ 

8.18.17,1 


g» Aquati! *• 

8.48.11,7 

48,33.5 

48.54.7 

49-37 ; 

8.4K 54.7-/ 

8,47.57.07 


4 Aquarii ** 

g.» 74 i 

iS. 3 

1814 

18.45,4 

19. 6,5 

9.18.14.17 

';-ir-* 6,37 




T«t»ltiob»crve(l atAiiunyHii 

t.. 



Oet.*i 


f at Hmb 
' sd limb 

11.4146,8 

U44.5S 

43 . 8.1 
45 - 

1 43 .> 9-9 
454 « 

41 - 5 «.i 
46. 1.5 

44.«3 

46.1+ 

}«'- 4435, 19 

11.44.18,39 


<r AqttjlB •» 

5.31. S '5 

3 «.*f 5 

j 1.47.7 

.V* 9 

31.30,1 

5 - 3 '•47.73 

5 - 1 '-SMS 


Aquib " 

|. 4 *. 44 .S 

43. 6 

43 .* 7 ,J 

43-49 

44.10,1 

5 . 43 '* 7.17 

5 - 43 -> 9.'7 


t Aqaila • 

6. 1,41,4 

3. 3.8 

3 .* 4,8 

346 

4 7 

6. 3.14.8 

6. 3.16,55 

, as 

T AqiHUt 


15.38.4 

» 5 .? 9.3 

i 5 , 2 I 

16.41 


5 .' 5-30.75 

\ 

(IIS Aquib « 

5.16.56,4 

17.18 

17.39 

a8. 0,6 
47.58 

18.11 


5 -* 7 -«o» 4 * 


QAqaik * 

5.46.54.3 

47 .« 5.4 

47.36.4 

+8.19 

547 * 0 ^ 5 * 

$•47. 7.78 

j 

4 '*, 

tiiii 

in Umb 
1 id liiib 

E ! 

1 X141, 0,5 
<l 44 .tM 

41.11 

4 f 34.3 

n.4o>6 

4 * 43.6 
4450 
1*. 1,9 

'43. 5.5 
4 S*« 7.7 
11.13,1 

4 J -*7 
45 - 39 .* 
It. 444 

1 11.43.43,83 
5.11. i,9 

1143.17,93 

5.11.19,1 



i;* 


a|.«o .5 

134*4 

l 4 l<S 9 

*4 J 
440 

14144 

44 * 1,1 

5.1341,58 i 

5.43.38.95 

5.13, 8,78 
S 4 J. 6,05 








m ihe length of the pendulum vibrating seconds. 
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Transits observed at Shanklis Farm. 


Pate. Stars. 




Mean 

Chronometer. 

Clock. 

h. m. s. 
j 6.51.15,55 

h. m. s. 
6,51.37,3* 








9.11.25,6} 9*11.21,26 

9. }3.28 ,ij 9.38.24,16 

10. 0.53,57 10. 0.49,30 
10.23.50,98 10.23.46,29 
10.31.14,1 10.31. 9,37 
10.52.31,13 10.52.26,25 


Jist limb 
® ^\2<iUmb 
Regulus « 




1 st limb 
® id limb 




"■jidKrt 
Regulus • 

I Virginis - 



1.14 
18.17,8 

... - 5 S >‘3 
9.11.J4.3 iz.ib 
9.44.10 44,41,5 

«o- 7 -'S .7 7‘3r>7 
10.14.58,7 15, 1 
»o.3S'SS.4 jfi'iS 


59,11,5 

slS 

SS'35 
11.37,3 
45. 1,8 
& 0 
|J.»S,3 

36.40** 


60. 7 
1.11*3 

19.11.5 
50.10 

13.10.5 

45.45.6 
8.44.S 

t6. 8,1 

i J 7 .* 5 .» 


0. 0.19,43 n.S 9 .S 7 . 7 > 
6.18.39,18 6,18. 5,65 

8 . 55 - 35 »J} Ms- 0.74 
9.11.37,41 9.11. 1,83 
9.45. i,8t 9.44,lS*e8 
10. 8. 0,01 to. 7.15,18 
w.»J.» 3,37 «o.T 4 ' 4'»58 
Je.36.40, 31 10.36. 5,441 





































434 Capt. Kater’s experiments Jor deiermin'tn^ the rurnittou 


Comparisons of the CJock tviih the Chronometer, 


Date* 

Chrnn(m*ff<'r. 

riiirt. 

i Itu k htV 1 


h. m. s. 

Ih ni 

lU N 

July 23, P. M. 

5.1 9.10,25 

5A* 4.28 

.'».t7,7’* 


6M0.40,« 

0.10'. 0 

5 IfVJO 


9.53‘W 

<>h^A7 



10 . 1 6.10 

10.3l.;!R 

A 2H 


10.3431,5 

WA0. 0 

5.2% 1 


21.4,9.45,5 

2J 

h "lUA 


23.4.1. 0,3.1 

33.4<> 1 


24 

0.1 (WO, 7., 

0.17 .‘18 

0 47.35 

25 

9*17.40 

9.3.'»..'»H 

f 


i ) Al . «.ft 

. 9 . 1.0. 0 

? '*9.3 


10, 3.2.5,25 


7 mxs 


10.33.30,5 

10:10 31 

H (t,.5 

26 

O.U1.3«,.5 

0 22, 1 


28 

y31A9,25 

9 42. 0 

it^ao,r5 


oa2. <> 

0 . 22 . 2:1 

H».17 


5.4930,25 

6. 0. 0 

10.39,75 


Q. 6.30 


10.3? 


9.39-50 


10 . '18 


9.51. 0,35 


10 38,75 


10.10. 5,5 

1040.4.^ 

io..’Si;,5 

August 5. 

9* 4.40 

9 . 5 4* 

t 2 


9.37.40,35 

9.3H. »M 

1 . 3,75 


9.4(>.30 

9 47.21 

1. 3 


10.34.41 

U).25 45 

i. 4 


10.44. <1,5 

10.45. 5 

1. 4,5 


11. h. 0 

It. 6. .5 

1. 5 

6 

0.33.59,8 

0 , 34.33 

1.39,3 


8.38. 5,35 

8.3939 

t.33,75 

7 

0.16.40,35 ; 

0.1848 

1.55,75 

8 

0.16.4.5 

0.19.18 

3.33 


5.15,18,5 

5.18. 0 * 

3.41,5 


8 31. 0 

8.33.47 

3.47 


8.53.15,5 

H.55. .3 

3.47,5 


9.34.30,3 

9.37. 9 

3.48,7 


10.48.50,35 

10.51.41 

3..50,75 

10 

0.16.15 

0.30. 8 

3.53 


5. 3.35,4 

5. 7.37 

4. 1,6 


8.33.30,4 

8.36.38 

4. 7.6 


1 8.44. 0.75 

8.48. 9 

4. 8,35 


9. 7. 0 

9.11. .9 

4. 9 


9.36.15,5 

9.SO.3.4 

4. 9,5 


9.58.45,5 

10. 3.56 

4,10,5 


104 , 0,10 

10.44.33 

4.13 

U 

8.18. 0,5 

8.33.53 

4.51,5 

*■ 

840.14,75 

8.45. 7 

4.53415 


9 * 5 , 0 

0 . 9.53 

4.53 


048 . 04 

/ 

9.86.54 

4.53,5 




in t)]£ length of the pendulum vibrating seconds. 


Pate. 

Chronometer^ 

Clock* 

Clock fa»t. 


h, m. H, 

b. m. s. 

m, s. 

August U 

9.54. 6“,5 

9.59. 1 

4 . 54,5 


10.16,19,75 

10.21.15 

4,55,25 


10.36.50,25 

10.41.46 

4.55,75 

12 

0.15.45,4 

0-21. 6 

5 . 20,6 


4.57. 0,25 

5. 2*29 

5.28,75 


SJ3.25,25 

8 . 19 . 0 

5 . 34,75 


8.36. 0,5 

8.41.36 

5 . 35,5 


S. I. 0,5 

9. 6.37 

5.S6V5 


9.210.20 

9*25.57 

5.37 


9.50. 5 

9*55.43 

5.38 


10aU55»5 

10*17.34 

5.38,5 


10.31.49,75 

10.37.29 

5.39,25 

Slow. 

IS 

0.17*50,75 

0.17* 8 

0.22,75 


4i.5I* 0,5 

4.50.46 

0.14,5 


8.10.20,4 

8*10.12 

0. 8,4 
Fast. 

14 

0*15.51,5 

ai6.i2 

0.20,5 


8. 6.25,25 

8. 7 . 0 

0 . 34,75 


8.29.41,5 

8 . 30.17 

0.35,5 


8.5 U20 

8.51.56 

0.36 


9*10.15,4 

9.10.52 

0.86,6 


10. 5.33,5 

10. 6.11 

0.38,5 


10.31.10 

10.31.49 

0.39 

i» 

015.39.76 

0.16.35 

2^ 5, 25 


4.43.51,75 

4.45. 5 

2 as, 25 


8. S.54,75 

8. 5.14 

1*19,25 


8.34. 0 

8.S5.S0 

1.20 


8.47.15,25 

8.48.36 

1.20,75 


9. 6.15,5 

9 . 7 .S 7 

1.21,5 

16 

0.15. 0.25 

0 . 16.49 

1.48,75 


4.40.29,!» 

4.«1.S7 

1.57,1 


7.58.56,75 

8. 1. 0 

2. 3,26 


8.43.19,5 

8.45.24 

2. 4,5 


9. 3.54.8 

9 . 5.40 

2. 5,2 


loas. 0,5 

10.15. 8 

2, 8^5 

i7 

0.15.24,9 

0.17.58 

2.33,1 


7.56.41,13 

7.59.28,5 

2.47,38 


8.16. $ 

8.18.53 

2.4S 


8.39.10,25 

8.41.59 

2.48,75 


8.58.11,5 

9 . 1. 1 

^*49,5 


“9.51.59,9 

9-54.51 

2.51,1 


10. 9.80,4 1 

10.13.33 

2.51,6 


4.83.49,75 1 

4.36.14 

3.24,25 


8.13.34,8 

8.16, 6 

■; 3*31,2 


. .. 8.85.' A : '• 

8.58.S7 

3.32 


8.54. 0,5 

8i57,S3 

3.32,5 

19 

\ 

0.14.34,75 

0.18.35 

4. 0,25 


Slow. 

SI 

7.47.49, 9 

7.47:19 

0.30,9 


SL 
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MDOCCXIX 



4.3^ Capi, Kaier's cxperimmls for determming the vnnatw* 


Date. 

C hioiumu tcu 

<loA 

<Mm V nI< W 


h in H 

it in i 

in < 

August iH 

Si, it 


n *s, 5 

10 1.1 MU Si 1 

Ui n i s 

%i 


10/»<> <1,5 

JO II u 

M , » 


llAh 0 

n I't.H 

a y/ 


<>.» 

J 

o *o,s 


1 1 40 to, 5 

1 

0 Sh, > 

1 t < 

o.in.7 

*Se|)tcmbei (3 

0 AM 

013. 

»} O.tt 

9 A'* MS 

0 


10. 4, 0,4 

10 4. P 

0 luo 


10 s } 4;>.7ft 

10. JJ 



10 4R KM 

10. IH i J 

<n 18,0 


11 1 <>.*». 7-'* 

1 r w iH 

(» .1 


12. 4 21,7.^ 

18 i Ml 

t43^i 

4 

«)»«. 4.7.'> 

9 no 15 

J. iu35 



0 'lO H 

i .1035 


lO.V 

10.80 17 

\ .n.5 


Hi 40 Ul.iS 

10 n u 

1 ;u,75 


U).A!i. O 

10, »l i8 

1.38 


<1.12. O.S 

n.io ,iri 

1 


11.S1. V 

iL.i8.iri 

LU 


11.48. <),7& 

1 1 49.4n 

1 13,8^ 



IL57 <0 

1 

5 ’ 

0.11 1.V2 

0 lA 5 

! 19, H 

« 

0.11.4<1,H 

t 

0.14.18 

838^8 

Slnw 

8 

10. B50 1 

10. 4,46 

3 44 


10.aH. 5,5 

10.84 18 

3 


ia^7<t5i5 

10.33 38 

3 4H,3 


ia55 41), 9 

10.58. 7 1 

3 48,9 


u«8i. 0,3 

1137. IH 

3 48,3 


11.40. 5)|8 

11.36 «H 

3 41,8 


11.58.41,4 

11,55 0 

3 4L4 

10 

10. «• OA 

lU, 3 88 

8 38,5 


10# 16.80,85 

10.13 58 

8.3835 


1030, 5 

103733 

8 38 


11-1330,8 

ILIL 0 

8 30,8 


11.30 50,3 1 

1 L3030 

8.30,3 


11.50. 9,9 

1 1,47.40 

8.89,9 

18 

93430,4 

9<53. 8 

I. 18,4 


ID* 8.50 

la. 738 

LiH 


10.41. 0,85 

10.39 43 

LI7,«5 

0 

11. 4. 0,75 1 

IL 8.44 

L16,75 


1133.4035 

1138 84 

2 26%85 


1U48. 0.75 

1 L40.45 

L 15,75 

14 

9 45. 4,9 

9,41.56 

(h 8*9 

j. 

10. 3.403 

10. 5.38 

0. 8,8 


I4u)730 

10.17 38 # 

0. 9 


1048. 4»75 

10.31.57 

0. 7*75 

1 

^ A%»0|O i 

Jtft.80.fiS 

0. 7 


{ Iia5.9£^« 

ll.tS.&0 

0 . 0»& 



in the length of the pendulum vibrating seconds. 437 


DAte. 

Chronometer* 

Clock. 

Clock alow* 


h. m. s» 

h, m. s. 

m. 3. 

Septemi»cr 14 

11.34.19,9 

11,34.14 

0* 5,9 

October 2 

6.4.9. 9^75 

6.49- 7 

0, 2,75 


r. 1. 2,75 

7- X. 0 

0. 2,75 


7-2 u 

7.21. 0 

0* %B 


a. 27. 3, *^5 

a*^7‘ 0 

0. 3,23 


8.48* 3,S 

8,48. 0 

0* 3,3 


9.15- 3,4 

9.15. 0 

0. 3,4 


9.31. 3,5 

9,31, 0 

0. 3,3 , 

a A. M. 

11.54. 9,3 

11.34* 0 

0. 953 

P.M. 

(!><45*12iS5 

6.45. 0 

0.12.23 


6.57*1 2.83 

6.57. 0 

0.12,25 


7.16.12,4 

7.16. 0 

0*12,4 


7.54.12,5 

7.54. 0 

0.12,5 


8. 9- 12,75 

a* 9- 0 

0.12,73 


8.32.12,8 

8.2s, 0 

0.12,8 


8.42.12,9 

8,42. 0 

0*12,9 


9* 1 1 ,30 

9.11.17,1 

0.12,9 


s.29.13,1 

9.29. 0 

0.13,1 


9.41.13,25 

9.41. 0 

0.13,23 

5 A.M. 

11.52.28,9 

11.32. 0 

0.28,9 

r.M 

6.37.31.7 

6.37. 0 

0.31,7 


6.43.31,8 

6.43. 0 

0.31,8 


7. 9,3 US 

7 . 9* 0 

0.31,9 


7.46.32 

7.46-0,1 

0.32,1 


8. 1.32,35. 

8. 1. 0 

0.32,25 

October '5 

9, 4.32,45 

9. 4. 0 

0.32,45 


9.18.32,6 

9.I8. 0 

0.32,6 


9.32.32,7 

9-32. 0 

0.32,7 

ti A. M. 

11.51.37,3 

11.51. 0 

0.37,3 

P.M. 

6.32.40,25 

6.32. 0 

0.40,25 


6.44.40,3 

6.44. 0 

0.40,3 


7. 3.40,4 

7. 3. 0 

0.40,4 


7.40.40,6 

7.40, 0 

0.40,6 


S. 9A0.8 

8. 9. 0 

0.40,8 


8.29.40.9 

8.29. 0 

0.40,9 


8.59-41,1 

8.59# 0 

0.41,1 


9.14.41,25 

9-14. 0 

0.41,25 


9.28.41^3 

9.28. 0 

0.41,8 

7 A»M. 1 

11.51.45,6 

11.51. 0 

0,45,6 

8 A. M. 

11.51.54,4 

11.51; 0 

0.54,4 

P.M. 

6.24.56,75 

6.24. 0 

0.56,75 


6.57.56,9 

6,57. 0 

0.56,9 


7.33 57,2 1 

7.33. 6 

0.57,2 


8.1.57,3 

8. -i. 0 

0.57,3 


8.2 1 .57 ,45 . 

8;2J. 0 ' 

0.57,45 


8.50.57,7 

8.50. 0 

0.57,7 


9.22. 57,8 

t 9,22. 0 

0.57,6 

81 A.M# 

11A9. r 

41A9. 0 

0. 7 

P. M. 

5A5. 8.2 

5.85. 0 

0. 8,2 


5.46. 8A 

5.46. 0 

0. 8,2 



438 CapU Kater's experiments for datemhiing the variation 


Date* 

Chrt»tiom«t€r* 


ll. ID. H, 

October 

(>. (i. »,«.*> 
(j.iy. 8,25 

October 25 

5.i».‘2a.75 
5.30.1; >s,?5 
5.50.'28,8 
6.5'».‘2«,95 
7.lO.'.*;>jf>5 

7.44.S;>.S! 

7.59.0;>.3 


8. J 4.39,35 

26 A.M. 

11.4B.3i,.9 

M. 

5.15.33.8 

5.36.33.8 

5.50.33.9 

1813, May lO 

(i.5(f.48,35 

31 

0. 4.53,4 

12 

8.28. 4,35 
D.U). 4,4 
9.46. 4,4 
10. 4. 4.S 
10.34. 4,73 
I0.5B. 4,9 

13 

0. 5. 9,35 
6.45.11,3 

14 

0 4.>6,9 

15 

0. 4.84,7 
6.35.26.7 

16 

0, 4.31,75 


6.31.33,75 

8;57.34,4 


9.25.84,6 


9.47.34.75 

10.17.34.8 

10.33.34.9 


Clwk. 

Clm:h »lr)W. 

ll. ill. s. 

m. "i . 

6. 6. 0 

0. 

6.19. 0 

0, 8 S.'S 

5.19. 0 

0.88,7.5 

5.30. 0 

0.88,75 

5.50. 0 

0.88,8 

ChSS . 0 

0.88, .9.5 

7.10. 0 

0.89,0.5 

7.44, 0 

«i.89.a 

7.. 5.9. 0 

0.89,8 

8.14. 0 

0 89,8.5 

11.48. 0 

0.31,9 

5.1.5. 0 

0,.1'1,H 

5.26. 0 

0.38,8 

5.50. 0 

0.32.9 

I'rtHl. 

Ct . SJ . 0 

0.11,7.5 

0. 5. 0 

0. 6,6 
HUiw, 

8.2a. 0 

0. 4,8.5 

9.16. 0 

0. 4,4 

9.46. 0 

0. 4,4 

10. 4. 0 

0. 4,5 

10 .54. 0 

0. 4,73 

10.5.5. 0 

0. 4,9 

0. 5. 0 

0. 9,25 

6.45. 0 

0.11,3 

0. 4.' 0 . 1 

0.16,9 

0, 4, 0 

0.24,7 

635. 0 

0.26.7 

0. 4. 0 

0.31.75 

6,31. 0 

0.33,75 

B.57. 0 

0.34,4 

* 9.26. 0 

0.34,3 

9.47. 0 

0.34.75 

10.17. 0 

0.84,3 

10.38. 0 

0.34,9 



in (he length of the pendulum vibrating seconds. 
Observations for the error of the Chronometer. 


Unst. ISIS, 9J(lJuly, P. M. G’s U. L. 


Chronometer. 

Level, 

Readings, Ss<s* 

b, m. s. 
4/21.SM 

4.^2 5 

4/26\4(>,t) 
4.28. 1,5 

+ 7 
+ •’•>! 
+ lU 
+ £> 

-- 3 
b 

■f 4 
•f 0 

First Vernier - - 239,32.15 

Second - « ^ 5 

I’hird - . . 5 

Fourth - * 10 

Mean . . 4..25.I0 4 

Tine time - 4.24.23»3 

+31 

— 4 

^ Mean ^ - 239.32. 8,7 

Levei - - + 32>4 

Index - - 4 - IS ,0 


Chron. fast . - 47^1 . 

(+31—4) » , // 

X 4" 32,4 

4)339.32.59,1 

Observed Z.D, - 59*53*14,8 

Eef. and Parali. ■* -f 1.32,3 

Semidiam. - + 15.46*, 4 

TrueZ.D, - - 60.10.33,5 


U»«T, 23fd July, H, M. ®'» U. L 


Chronometer# 

Level* 

Readingi, 5tc. 

b. m* i». 



0 / // 

4.31.55 

4" 6 

I 

Fifftt Vernier - - 243.58.10 

4..n3.l6’ 

•h 4 

2 

Second - *• 58* 0 

4 35.32, .5 

d- 9 

+ 4 

Third - - 57.50 

4 37. 0,5 

+ h 

4- 0 

Fourth • ** - 58*15 

Mean , . 4.34.26,0 

+24 

+ 1 

Mean - 343.58 3,7 

Tmotimu - 4.3.‘J.37,9 



Level « • + 30,0 




Index “ . + 18,0 

Cbron. fobt • *8,1^ 




• * I 



4)24S.’58.5I,7 

/a. 



Observed Z, a - 60.59*42,9 

X «,4S! + 30,0 



Ref* and Parall* -f 1 *36,8 




Semidiam* *. + 15.46,4 

■ ' j 



TrueZ. D. - - 61 . 17 . (>,1 


From the mean of the above observitiOns, the chronometer 
api»ars to be 47*^6 too fast, and the rate being —1*^1, We 
have 47*, 0 for its error too fast at noon. 










44 ° Capt. Katkr’s expetimonts for di terminitipt^ the vaiiati 
Poursov* ♦Jul AuguM, PM Qh T I . 


Chronomc'frr. 


h. m.H. 

4 , a.n .5 

4 . y. 50,.5 
4 .U. 7 
4 . 12 . 4,5 

Mean 

True lunr 

4 .i 0 .vH,‘i 

4 . 2.01 ,d 

Chron. fobt * 

f sa.<> 


$ 

imJi .1 

i 





I- 4 
— I 
-f 
4 

f 1(1 


- 

K 

• M 

* i 

(I 

-Pi 


Uf » Inn u t\<i » 


I list \ I nm*r 

SttotMi 

linui 

Pouith 

Mi'uh 
I < vri 
lutU*\ 


X u 

Ur f« ntit! PiUlil) 
Sr mirh UlU 

•I mv % I> 


PS 

- 

(Hi 

in t 

V,4 

t is,(> 

4 )iU*,V v> 

AH nf* Ut ,4 
^ Pilj 

t r» i 7 

AH SiJ AH* I 


PoRTnoYf 0ril Augmt* P M. OW P l« 
ChronomeCtr# | irvtU { 


Metn 
Truft tfme 

Cbron* fait 


tu nu f 

4 . 17 . i> 

4.40. A, 5 

- 447 . 65,1 
^ 440. 3,4 


7 . 31,7 


i±ii±i>xWi,s 


•i 4 
I 4 

+ a 
+ » 

+ u| 


r V* 
♦ I 

f 4l 


J'lPl Vrrmr'f 

Ihini 

Pimiih 

imIiH 


(}b««>rve<i Z. 1 >. 
Rrf.. and Pat alt* 
S«mtdtam 

True Z. D. 


n # <* 

liHH IS 40 

- ‘15 

- 40 

- 50 

• unn i H ;us 6 
f )H ,0 
4JV38 !tf4(i,9 
Sy i 4 A{hO 


+ 


tj 0,4 

15.47 




Sun rather obicitt# riurtng mitue tif 
th««e obirraattcmi. 


Fnom the mein ©f the above observaticms, tlic* chronometer 
appeaw-to be r>S»^*a too fi&it. and the rate being — »%7 wo 
have the chronometei too fast at apparent noon. 



in the length the pendulum vibrating seconds. 


Lkitii Fort, 1818 , l/th Soptomber, A. M. O’s U. L. 


Chronometer* 

Level, 

R.e*idings, decs* > 

h, m* H. 



O 7 // i 


4- $4 

-17 

First Vernier - 1297.125,125 i 


4“ 

-It) 

Second - 125.40 

7.41.16' 

+ 20 

—121 

Third - - 25.25 ' 

7 . 43 . ! 

4-2S 


-Fourth > - 25.15 

Menu - - r.S.O.+S.S 

+ 88 

-79 

Mean - - 237.25.26,2 ' 

Tme time - 7.31. 7 j6 



Love! - - + 39,2 




Index - . + 18 

Chron. fest - $.41,6 







4) 297.26.3,4 




Observed Z,D. 74.1^130,85 , 




Ref, and Parull. 4- 3.l6,6 ' 

^ Js 



Semidiam, - 4- 15.573 




True Z. D. - 74.40.44,75 


Lisitii Fort, I7il> Scplcmbi'r, A. M. ©’s U. L. 


Clmmimoieiur# ' 

‘ Lev4l* » 

Raidinii»4re» 


h, m. s. 

7.49. 4 
730,19 ^ 

7.512*19,5 

734,163 

+ 120 
+ 18 
+ 125 
+ Ui 

-rS20 

•—22 

Firtt Veraier 
Second 

Third * 

Fourth 

0 » « i 

- 29i.i9.55 i 

- 19.45 

19.55 
- 19.55 

Mens 

True time 

Cbrun. Im( 

- 7.5l.Sf),8 ' 
7,42.48 2 . 

- 8,41,6* 

+79 

-75 

Meim 

I^evel 

ludex; 

- 291.19.52,5 

- + 4,8 

+ IS 






4)291,20.15,8 

{+79-75) 

If If 1 

K12,4»4-M 

f 



Observed Z. 

Ref, and Paroll, 

•72.50. 3,85 
+ 2.58 

« 



Semidiam, • 

- + 15.57,3 

I 


1 

i 


TmeZ. D. 

7S. 8.59,15 . 


frcMB the ftjbevejeileepvihtfen# tfee s®>|?Pftw to 

.bt.''B*44* t$ 4®p i w«, have'tfef 

chronometer 8 “. 4 »*,i 8 too fast at apparent noon* 














Hrmlfnitf Ac* 


Vrrin«» 

Siwmi 

TIiMd 

Fourth 

Mf*«n 

liHVfl 

ludnx 


Clt}Mfrft4 3?* D. 
R0f« iiftd Pmth 
Sfmtditm« « 

Tiui^ 7 m l>. 


« i tt 

lAlA?. ^ 

Mt 

- 

> «AI.5<».*,1,? 

- + iW 

•> 4 t»,« 

3)lA«.'>f.J.1,7 

« 7A.AH,»<i,8 

- + 848,8 

+ js. e,o 


From the mean of the above observations the chronometer 
apj^s to be t 4 f\$ too slow t the daily rate being — i%t6. 


in the length of the pendulum vibrating seconds. 

S»ANKt.tN Fabm, tOth May, 1819, A.M, O’s U. L. 


1 - ' 

Chronometer* 

1 h, m, 

1 a, 39.3^2 

8,41. 3 
SA%ti6 
8*44*44 

Mmn 

BA% 3^75 

True thiie 

8^7.34,90 

Chron. fast 

4,38,85 

1 

1 

// 

19,3 


EeadSni^s, 8[c* 

First Vernier 
Second 

Third 

Fourth 

» / W 

- 204.40.35 

20 

10 

30 

Mejttt 

Level 

Index 

204.40.33,7 

- — 19,3 

- + 13,0 


4) 204.40.17,6 

Observed Z, D. 
Ref. and Purall. 
Scinidiam. 

* 61.10. 4,36 
+ 1. 6,0 
+ 1.6.51,4 

True Z. D. 

51.27, 0,75 


^HANKtiK Fabib, 10th May, A. M. 0'!> U. L. 


Chronometer* I 


h* m. e* 
8.50 33 
8 * 52,14 
8 . 56.23 
8 .ri 7.57 

Mean 

8.54 lfi ,75 

True time 

8 . 49 . 36 > 9 <> 

Ghron. fast 

- 4 .aO|B 5 

kfcZ 2 r:£ 2 xs 4 s! 

+ 87,3 

i 


lleidingi» dec. 

First Vernier 
Second 
rhird 
l^aurth 

^ t U \ 

- m*siso 

- 35 

30 

50 

Mean 

Level 

Index 

197 ..31 .41,3 
+ 37,3 ! 

+ 13,0 , 


4)18732.31,4 

Observed Z, D. 
Ref. and Parali. 
Semidiam' 

- 40,23. 735 
4* 1* 1,2 

+ 1531,4 

True Z. D. - 

49,40. 0,4S 


MfiOCCXIX 












444 Kater’s exferimentsforditermimng die rariatim 

Shanklin Farm, loili M:iy, A.M. OV {T, f,. 


Chronometer, 


JiMilinR*, fir - 


Mean 
True time 

Chron. fast, 




li.tn. 8. 

9.3. i 

9.4. 9 
9.6.37 
9.6.3C 


+• 2 ! — (i Fii't.f Vt-ritit'i' 
+ U — 2n Si'ifontl 
+< 2 ! — 6 'l liini 
+20 6 Fourth 


9.4.fif),75 +71— 38 Mtnm 
9,0,10,40 — — Ia'viI 
— - — — liMlrx 

4.40,3.6 


X3,4s+39,6 


Observed SS, D. 
Kcf.ntid J'iiratl. 
Setnidtiuu. 


• itn a«. 0 

'•!).40 
» 3l», O 

- 1J)J, 29.47,6 

+ .39.8 

+ 1.3,0 

4)191.30.40,1 

« 47.61.40.06 

+ r*«,5 

+ IfiAM 


True 2. ». 


4a. 9.30,0 



m the length of the pendulum vibrating seconds. 




Observations of Coincidences. 

i8i8, June 13, A, M. at Mr. Browne’s house, Portland- 
place, London. Barometer 39,9 inches, clopk gaining i*,5 
in a mean solar day. 























44^ Capt. Kater’s experiments for determining the variation 
June 15, A. M. London. 

Barometer 30,05 inches, clock gaining 






















in the length oj the pendulum vibrating seconds. 447 


July S3, P. M. at Unst. 

Clock gaining 50*, 63 in a mean solar day. Barometer 30,0 
inches. 

















44,8 CapL Kater’s ewpmmmtsjor determining the variation 


July S4, A. M. Unst. 

* 

Clock gaining 50* ,63. Barometer inches. 



















in iJie length of the pendulum vibrating secorm. 449 


July 25, A. M. Unst. 

Clock gaining 50*, 63. Barometer 29,84 inches. 



























450 Capt, Rater's experiments for determining the variation 
July s6, A. M. Unst.- 

Clock gaining ^0^6$, Barometer *9,95 inches. 


Temp. 

1 

Time of coin** 
cidence« 

Arc 

of tibia* 
tion. 

Me»n 

Arc* 

Intcffil 

In 

second** 

' 

No. of 
vibmtionfta 

Obicrved 
vibmtioni 
in t4 hou^St 

Correc* 
tion for 
Am* 

Vibration* 
in 34 houn. 

67,1 

SS,S 

h. m. s. 
7.42.47 
50.17 
58.47 

8. 6.48 
14,49 
22.60 
SO 50 
38.61 

46.52 

54.53 

9. 2.54 

0 

1,13 

1,08 

1,04 

1,00 

0,97 

0 , 9.3 

0,89 
0,84 
0,81 
i 0,79 

0,75 

0 

1,10 
1,06 
1 , 0 s 
0,98 
0,95 
0,91 
i 0,86 
0,82 
0,80 
0,77 

480 

480 

481 
481 
481 

480 

481 
481 
481 
481 



s. 

1,98 

1,84 

1.71 

1,57 

1,48 

1,36 

1,21 

1,10 

1,05 

0.97 


47,8 

Mean 



480,7 

478,7 

86CeO,94 

1,43 

86093,37 


Oil was now applied to the scapement without stopping the 
clock. 














MDCCOXIX 




































in the length of the pendulum vibrating seconds. 


453 


August 6, A, M. at Portsoy.— * ist Series. 


Clock gaining 37’ ,63 in a mean solar day. Barometer 
inches. 



Time of coin- 
cidence# 


li. m# 

54. a9 

B. ^.47 

10.50 
lih 5 

ar.M 

35.^3 

43.33 

51 . 4 ^^ 

59.51 


M^uit 


August 


I. 0 . 4 « 
H. 4 H 
10.54 
« 5 . I 
33 . U 
41.15 

5.35 

13.43 

21.51 



65 , r 
65,2 


Mmti 





















454 Capt, K.atf.k*s experiments Jor determining the variation 

August 7, A. M. PonrsoY. — ist Scries. 

Clock gaining Banjinetcr 29,8,9 inches. 


Temp. 

Time of coin- 
cidence. 

Are 

of vibra- 
tion. 

Mean 

Arc. 

Interval 

ill 

neconds. 

Nn.of 

vihiatinn.'?. 

Obscrvf’i! 
vibratuiiirt 
in 'i4 boui'i. 

Corrcc- j 
tiuii fur 
Arc. 

Vibva dints 
ill M hnurs. 

Chd 

II. 111. !>, 

7 WAT 
34 22 

43.27 

fio.sc 

r).s.3.s 

B. «.4 t 
14.19 
33. 5.1 
31. 1 
3!). 7 
4T.13 

n 

i,if» 

1,10 

1,06 

1,01 

0,9K 

0.<M 

0,H9 

0,85 

0,83 

, 0,79 
0,76 

<.5 

1,12 

l.OH 

l,o.J 

0,!)9 

0,96 

0,91 

0,H7 

0,H4 

•'0.77 

iSh 

dh5 

IHfi 

■iUit 

4m 

4Htt 

4 m 

4B€ 

4 m 

4Ba 



K. 

^♦,06 

1.01 

1.7* 

Idil 

1 .r» 1 

1 /i 4 
!»I6 
1,0H 
o,fi? 

i 

6S,S 

Mean 



ms 

•183,6 

H6081,l» 

i 1 16 

86083,09 


August 7 , P. M. 

Barometer 29,88 inches. 

€3iC 

0. 53. 9 

1. 0.1a 
8.16 
16.90 

34.34 
33.30 

40.34 
48.38 
56.43 

3. 4,4r 

1 13.53 

1,19 
1,14 
1,09 
IM 
1 ,00 

0,96 

0,93 

0,89 

0,86 

0,83 

0,7fi 

1.16 

1,11 

1,07 

1,03 

o,y8 

0,94 

0,91 

0,B7 

0,88 

0,80 

4SS 

464 

4B4 

484 

485 
4U 
4B4 

485 
484 

486 



3.31 

3,03 

1,87 

1,71 

1,57 

1,45 

1,36 

1,34 

1.18 

1,05 


69, « 

• ■ .%Ie£n', ' 


1 ■ 

484,4 

48^,4: 

86080,74 

1,56 

86083, .3( 








}u the length of the pendulum vihrating seconds. ^,55 


August 8, A. M. Portsoy. — 1st. Series. ' 

Clock gaining S 7 ‘>^ 3 - Barometer 30,05 inches. 


Ttimp. 

Ttmetjfcoiii- 

cideiK:c% 

Arc 

ofvibru* 

tioti. 

Mcatt 

Arc. 

Interval 

in 

Hccontls. 



No. of 
vibiations. 

Observed 
vibraliortsi 
in 124 hours. 

Correc- 
tion for 
Arc. 

Vibrations 
in '24 houis. 

0 

r»K,() 

50,0 

h. ni. ». 

8. 

ll.l-.H 
•20. 1 
•28. r» 
no. H 

.Y2.1(i 

{ 1 . o.'io 

0 

i/ii 

1,15 

l,<w> 

1 ,0^^ 
(),W 

0,i)0 

o,rti 

0 

i,i;5 

1,09 

1 .04 
1,00 
0,!lrt 
0,i)’2 
0,8K 
0,H4 
O..HI 

4m 

483 

483 

484 
483 
4S4 

483 
4H4 

484 
484 



3 . 

•2,^8 

2,10 

UD.'i 

1,77' 

1,«4 

i/n 

1,39 

1.27 

1,16 

l,OS 


5{i,8 

Mean 


' . i 

483,4 

■IS 1,4 

B8()tSO,00 

U(n 

88081,61 


August 8, P. M. Barometer 30,05 inches. 


60,0 

61,1 

1. 4.2H 
i 

^^7.35 

44.41 
5*3.54 
% 0.4H 
B.5I 
i6\ri4 
^24.5r 

1.16 
1.11 
1,06 
l.O!! 
0,9 < 
0,94 
0,90 
0,86 
0,8!} 
0,79 
6,76 

1,1.1 
1,08 
1.0 1 
1,«K) 
0,96 
0,9'2 
O.KS 
0,84 
0,81 
0,77 

483 

48'.2 

4S‘2 

483 

483 

483 

484 
483 
483 
483 J 



•2,10 

1,91 

1,77 

1 ,61 
l.tU 
1,39 

1,27 

1,16 

1,08 

0,97 



Mean 


■ 

4HQ»n 

480,9 

86079,63 

1,48 

86081,11 


Oil was applied to the scaperaent without stopping the 
clock. 



















456 Capt. Kater's experimmts Jar ddermining the varkimn 


August 9, A. M. Portsoy. — ist Scries. 


Clock gaining Barometer 30,04 inche.s. 


Temp. 

Time of coin- , 
cidence. 

Arc 

of vibra- 
tion. 

Mean 

Arc. 

Interval 

in 

scwttd'i. 

Ko. of 
vii»r.«u5iis. 

Ohiiervrtt 1 
viljfatumft 
in M hnuH. 

Corfce-* 
tuin fnr 
Ate. 

Vitiritiim* 
in *U bnura* 

60.5 

60.5 

h, m. 9 . 
7 . 34.10 
4a. 0 

60, i) 

58. 9 

8. 6.10 

14.11 

32.11 

30.13 

38.13 

46.13 
54.15 

0 

1,17 

1,13 

l,OH 

1,04 

1,<H) 

0,05 

ihSB 

031 

0,H0 

(hit 

D 

1,15 
1,10 
1.06 
1,03 
0,1)7 
' 0,03 

0,00 
0,86 
0,83 
0,78 

470 

4H0 

480 

481 
48t 
■180 1 
481 
481 

1 480 
4m 

1 

i 

1 

j 

i 


3.17 

1,!»H 

l.MI 

1,71 

1,54 

1,43 

1,.33 

1,31 

1,10 

0,95) 


60,4 

Mean 



4Hl»6 

470,5 

8607.8,60 

1,58 

86080,13 1 


August 9. P. M. Barometer 30,04 inches. 


60,3 


60, r 




0.66.18 

liSt 

1. 8.11 

1,18 

IL 0 

hio 

19. 8 

1.06 

87. 8 

1,01 

35. 7 

0,98 

43. 7 

0,93 

61. 7 


69. 7 

0,88 

8. 7 . 7 

0,83 

16. 7 

0,79 




i,i« 

l.Ui 

1,0H 

1,03 

0,!>0 

0,05 

fwn 

0,88 

0,84 

0,80 


470 

477 

470 

480 

470 

4H0 

480 

480 

480 

480 


470,4 


477,4 


»6077,03 


S,^!> 

«,««> 

l,Ot 

1,74 

1,01 

1,48 

1,36 

l.«7 

1,16 

1,05 


1,60 


86078,63 









m the length of the pendulum vibrating seconds. 457 


August 10, A. M. Portsoy. — 1st. Series. 


Clock gaining 37* ,63. Barometer 30,10 inches. 















458 Capt. Kater’s experiments for determining the variation 


August II. A. M. Portsoy. — i.st Scries, 


Clock gaining 87*, 63. Barometer 30.28 inches. 





















hi th£ length of the penduhm vibrating second. 


August i», A* M. Portsoy — ist Series. 


Clock gaining 37*163 


Barometer 30,26 inches. 


Temp. 

Time of coin* 
eidence. 

1 

h. m, a. 

58,6 

j 

I 

7 .;n .30 

39.27 

47.24 

55.21 

S. 3.18 

n.i 6 

19.13 

I 27.18 
35. 9 

43 . 7 
SI, 6 

59,8 

59 . 2 

59,8 

Mean 


Arc 

of vibra- 
tion. 



August 12, P, M, 


Interval « 

jn No. of 

sccontis. 


Vibrations 
in 04 hours. 


61,0 

1, 9.2s 

1 , 

17 21 
25.17 
.13.13 
41.10 


49. 6 
■ ,57. :i . 

2. 5. 0 


12.58 

20.54 

61.3 

28 58 

61.1 




86075,51 


Barometer 30,27 inches. 



1,53 86075,51 


MDCCCXrX. 


so 























4^0 Capt, experlmnts for determining the varuilnm 


Ai^ust 13, P. M. Portsoy.-— ad Series. 

Clock gaining 4«»,i8 in a mean solar clay. Barometer 
30,25 inches. 


1 Temp. 

fiVs 

! m,a: 

TImtofeoin* ^ 

Arc 

%bm 

Arct 

in 

•cccm^i 


ooifrftfi 

fibrntitmn 

in^lwiuni. 

OorriC* 
lidn ftir 
Ali?« 

1 

Vibrfttian!t 
In ^ hcum* 

iikOnC'R.. . 

ina. 17 , 
iia.is 
sff. 3 
34 . 8 

4d. 2 

'/''>W.55 

V iS.;i.5a 

■.‘.18.48. 

'■.-Sl$ASi- 

1^,21 
1,18 
1,10 
1,06 
1,01 
0,97 
0,98 
; 0,90 
> 

' oisa 
0,79 

.''' Q 

1,18 
1,13 
1,08 
,1,08 
, 0,09 
10,98 
i 0,91 

0,8s 

0,8* 

0,80 

476 

476 

*77 

476 

• 476 ' 1 

m 

477 : 
47 s. 

•■478 ■ 
4 ^ 


■ 

h' . 

1 . 

P/W 

2,10 

1,91 

1,74 

1,61 

1,48 

1,38 

1,27 

1.16 

1 , 0 s 


: 

BflWi 

HHHHI 

■ 

■ 

476,6 

474,6 

BB 

1,00 

8e^8l,04 














in the length of the pendulum vibrating seconds. 461 


August 14, A. M. Portsoy.— • 2d Series. 


Clock gaining 42»,i8. 


Barometer 30,25 inches. 


^ , Arc Interval -- _ Observed Corrcc- 

Temp. T»me of com- vthra- Mean No. of vibrations tionfor .Vibrations 

chknee* tion. seconds, vibrations, in *14 hours. Arc. in 24 hours, 1 
























ox 


in tlie length of the pendulum vibrating seconds. 463 


August 16, A. M. Portsoy.— ssd Series. 

Clock gaining 4e%i8. Barometer 30,18 inches. 
















4^4 Kater's experiments for detemining ihe varialmn 

August 17, A. M. Portsoy. — ad Series. 

Clock gaining 4^2*, 18. Barometer 30,1,/j indic.s-. 


, . Arc IiitHwal Otemal j f’urrer. 

TetQpt Tinatofcom. of'vibra. Mean in No, o( vitainnH j tims inr Viwratmna 
tadence. tion. Are. scamth, vibration*, in ■« tioin*. ! Arr. ni'^Untur 


0 

h. m. H. 

0 

59,5 

7 . 18.31 

1,27 


26.29 

1,22 


84.24 

1,17 


42.19 

1,12 


50 . 1.5 

1.07 


58.11 

1.02 1 


8 , 6 . r 

0,99 i 


14 . 8 

0,95 


21..59 

0,91 


I 2 {?.. 5 fi 

0,88 

60,8 

. 87.52 

0,84 


61,0 

1.28.27 
.36.21 
4446 
8240 
3.(K4 1 


S. 0 


15.88 


23.51 

31.46 


39.42 

61i6 

.;:'4isa/ 


7 & 1 B 1,7H 


1.10 

Jitd 

1.11 

1,06 1 476 

lOftl 

n o<i 

oS 




86078, idb 1«S0 86060411 










in the length of the pendulum vibrating seconds. 4,65 


August 18, A. M. Portsoy. — sd Series. 

Clock gaining 43*,! 8 Barometer 30,14 inc^les. 
















^66 Capt. Kater’s experiments for (kiemming llic Vtfruiihn 


August ig, A. M. Ponrsov. — 2cl Series. 


Clock g^aining 4a*,! 8. fiarometer 'to,i inches. 


Temp* 

Time of 
dtleijce* 

Arc 

ofvibra 

(tou* 

Mean 

Arc. 

j Irtcerval 
1 m 
sccoiul*. 

K0.«f 

ObiCfyed 
vihrittonn 
it) n hours. 

tifiu for 
Ate, 

iLm 

Vihraibn* 
m 14 hnuw. 

sf.« 

57.S 

h. R). %. 
7.3S.S5 
43.30 
54.a3 
fi. 9M 
10.18 
lA 13 
ao'.ii 
S4. 8 
43. 5 
50. 3 
58.59 

I|I4 

Mt 

1,05 

lAM 

ihm 

0,S4 

osn 

OSh 

0,8 1 

0,J8 

<1 

i,ir 
1,13 
1,08 
j ,0.1 
o,ih> 

09 S 
0.9 i 
0,87 
0,8.1 
0.79 

475 
47(> 

476 

476 

477 
473 

477 

477 

477 

477 



3.34 

a,o<> 

»,!>« 

1,74 

1,«0 

],.1t 

1,06 

1.34 
i,i.i 
1,0* 


57,4 

Mean 

1 


476.4 

1 

i 

h607£),S7 

1,58 

86080,85 





in the length of the pendulum vibrating seconds. 467 


August 31, A. M. at Leith Fort.— 1st. Series 

Clock gaining 26* ,85 in a mean solar day. Barometer 
inches. 



Time of coin- 
cidence* 


h. m. «. 

, 3r.ai 
45.35 
54*45 
8 . % ^ 
10.17 
18*33 
3fi.46 
35, 0 
43. 1C) 
51 30 


August 31 , P. M. 


&B,S 

1,35,34 


41.36' 


45*48 
5B* 0 
2. 6M5 


14.26 

1 1 

■ i 

: ! 

SS.S8 
80.52 
39> 5 
47.18 


55.31 

58,9 

Mean 



M15CCCXIX 




































in the length of the pendulum vibrating seconds. 469 


September a, A. M, Leith Fort. — ist Series. 
Clock gaining s6‘,85. Barometer sg,$8 inches. 


Temp, 

Tlmcofcoin** 

cidence* 

0 

h, m, a. 

58,0 

8.19.41 

27*50 

35.59 
44. a 
52,1 a 

9. 0,2a 
8.37 
Iff. 47 
24.57 
S3. 7 

58,7 

41.17 

58,4 

Mmb 



n.T« Observed Correc- . 

wo* of vibrations tionfbr Vibrations 
vibrations, in ai hours* Arc. inM hours. 



September a, P, M. 


48i),6 487,6 


Barometer 39,68 inches. 


59,8 

1.15.3a 

1,0B 


23*40 

1,03 


at. 48 

0,98 


89.57 

0,94 


48. 5 

0.91 


56.15 

0,87 


9. 4.84 

0,83 


1S.S3 

0,80 


90.43 

0,76 


98.51 

0,73 

60,0 

37. 1 

0,70^ 

59*$ 

Mean 


























470 Capt. Kater's experiments for determining the variation 
September 3, A. M. Leith Fort. — ist Series. 


• Clock gaining s6*,85. Barometer inches. 

















in the length of the pendulum vibrating seconds. 471 



Temp# 

Timtt of min* 
otdettce. 


h. m, n* 

59,3 

7 MAS 

8* 3.54 
1^2* « 
^0. 10 
128.18 

44.34 

9 . 0.51 


8.59 

59,8 

17 . 8 

89.S i 

Mmn 



1,10 4 SS 
1,05 488 




September 4, P. M. 


Barometer 99, 761 inches. 


«1,6 

i.ai.*© 


29.4(5 


37.52 


45*58 


54. 5 


%• 3 . 1 s 


40.18 

1 

i«.a6 


26.33 


'84.40 1 


42.4? 

17,9 

M«a» 










472 Capt> Katkh’s experiments for determining the variation 


September $, A. M, Leith Fort. — ist Series. 
Clock gaining Barometer inches. 


Time of 
coirtcitoco. 


Aks 

of ytbrii* 

ttot 


-- InimftI _ Oterved C<irrrc- , 

Mmi In vibmtbiw* for Vthfftlioiii 

**«• (leoontli. in M toi)»». (We. '«'«hou»». 


h. ni. a. 
?.4 e 8 
S 2.12 
8. 0.18 
8.33 
13,38 
34.34 
33.40 
40.4() 
48.33 
56 m 
9 . 5 . 4 









in the length of the pendulum vibrating seconds. 473 



Tern 

Time»f 

coincidence* 

n 

m. 8, 

50.7 

7.49.87 


P, hnVJ 
UiM 


S7Ae 

45.50 

53,54 

0. 1.59 

60,2 

10. 4 

50,0 

M«an . 



September 6, P. M. 


Barometer * 0 , 6 kinobes. 



1.11.44 

10.45 

Sr.47 

85.50 
48.52 
bi.fili 

50.50 

a, a a 
10. 5 
a4. 0 
82.18 




480,8 

86068,821 

1,51 

■ « ' J 

1 

m 
















474 Kater’s ej£pennunts for tktcrmining the variation 


September 9, A. M. Leith Fokt. — acl Series. 

Clock gaining 34’,! in a mean solar day. Bar. 29,9 inche.s. 




























MDCCGCXIX 























47^ Capt. Kater's experiments for detemining the variation 


September ii, A. M. Leith Fort. — ad Series. 
Clock gaining 34*, lo. Barometer inches. 



September 131, P. Barometer 19,35 inches. 











in the length oj the pendulum vibrating secmds. 477 


September 12, A. M. Leith Fort. — 2d, Series. 
Clock gaining 34% 10. Barometer 30,14 inches. 


Tcraj>4 

Time ofcoini* 
cidence* 

j 

0 

h« m. s. 

52,8 

j 

a.16.10 

24m 

40SI 

4BSB 

9. 4.^6 
IBMB 

20 m 

^ 8.83 

53,4 

3^.34 

UA 



Interval 

In 

sccontls. 


September lis, P. M. 


. Observed Correc- 
- ‘u vibrations tion for 

Vioratione* 24 hours* Arc» 


Barometer 30,1 4 inches. 


0 . 8.28 

lfl.28 
24.29 
St.29 
4diSO 
48.SI 
S8.33 
I* 4.S4 
f2<S5 
«IKS7 
e2.S9 


S4,2 I Mean 


421 , li m,i 


i;45 860?'e,22 





















478 Capt. Kater’s esepmmnts for determining the vmatkn 


September 13, A. M. Leith Fort.— sd. Scxies. 
Clock gaining 34', 10. Barometer 30, «8 inches. 




















in the length the pendulum vibrating seconds. 4,79 

September 14, A. M. Leith Fort. — snd Series. 

Clock gaining 34,*, 10, Barometer 99,89 inches. 























480 Capt, Kater's experiments Jor determining the variation 


October 3, A. M. at CLtiTuN. 

Clock losing io%6o in a mean solar day. Barometer *9 ,22 
inches. 





















































ni the length of the pendulum vibrating seconds. 


October 6’, A. M, Clifton. 

Clock lo.sing iO‘,6‘o Barometer 29,01 inches. 


Temp, 

I'ime of coin* 
citlencc* 

Am 

»f vitnn* 
tioti* 

Mean 

Are, 

Interval 

in 

seconds. 

No. of 
Yibrutiont, 

Observed 
vibrations 
in hours. 

Correc- 
tion for 
Arc 

Vibrations 
in 24 hours. 


li. m. H, 

r,r/2,r> 1 

8. 1.43 
10.33 

10m 

to, 14 

37 5 
45,ri(i 
,54.47 

0. 3.38 
vi:so 

0 

l,3i 

1**25 

1,19 

1.13 

1,08 

1,03 

0.9B 

0.03 

0.88 

0,85 

0 

l/iH 

1,19 

1,10 

3,0,5 

1,00 

0,95 

0,90 

0,86 

0,83 

m 

530 

531 

530 

531 
531 
531 
531 
bin 
b 83 



’ S. 
^,68 
^,44 

1,98 

1,80 

1,64 

1,48 

1,33 

1,£1 

1,13 


£»3.4 

Muttit . 




528,9 

86063,96 

1,79 

86066,75 

October 6, P. M. Barometer 29,10 inches. 

53,0 

55^1 

1. r»r,. n 

2. ji.r,4 
i2.4S 
il.S 4 
.lO.*! 
ao.H 
4 ». ft 

9 . 

14.9« 

»», 9 r 

1,22 

1.16 

l.u 

i,t»e 

1,01 

o,!»7 

«,»2 

0.H7 

0.«.'1 

0,70 

0.76 

1,19 
1.13 
1,08 
l,<Ki 
0,99 
0.94 
0,H9 
’ C),h5 
0,81 
0,77 

62!) 

R-ll 

r,2D 

ftSU 

590 

ftai 

&ai 

ft.au 

ft.ao 

r> 3 i 


' 

2,32 

2,09 

1,91 

1,74 

1,60 

1,46 

1,30 

1,18 

1,08 

0,97 



Mean 


■ 

■Hi 

nn 

528.3 

86063,62 

1,56 

86065,08 


sR 
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484 Capt, Kateh’s ejpmmmls for dvtirmnung Iho vtir/tilion 


October 7 , A. M. (’f.ti TON. 

Clock losing io% 6 o. Barometer 29.30 inehes. 


in Nn. nf vitiwiinm isiitiifm Vil'untHi"’ 

•iccraulit. im ■« limitK, i Aw. m 'Jl Iwurt 


rm 

W9 

5a I 

o.y.ii 531 


Temp, 

Time of coin- 
cidence. 

Ate 

of vUnu. 
titm. 

b 

li, ni. s. 

0 


VSiM 

1,‘3S 


da. 43 

i/d.a 


mm 

l,lH 


10. I.V'i 

i.i.i 


10.1*3 

1.0” 


I». 3 

I.O'i 


3r.64 

0,07 


3f».45 

0,!*‘3 


45 :ifi 

»,«« 


64. <27 

0,84 

6S,3 

11. 3.19 

0,81 

69, » 

IVlt'Kit 



H<itl«a,7 1 


5a0j,4 638,4 


86(}6r>,3& 
























4B6 Capl> Katph'.s expcntnentj! for I hr ViVitilfui 


Octolxjr 2! , P. M. — at Akhury Hill. 

Clock losing 6* ,2 in a mean .solar day» Barometer 99,6 


Temp. 

Time tif crtlfti. 

0 

m. H. 

se.r 

LUiU 

ee.69 

•l.-B., P , 1 


i«,34 
ii-S. 8 


^ .42,1? 


&0,52 

6S,7 

6P.27 


Art* 

Hf vihtji* 

fNsn* 



liUffvn! 

m 

urirmuH. 

Nti, of 
‘VitiuiioriK. 

fil2 

fiH 

fiM 

f.M 


H 


ftit 
51S 
RIS . 



itn 514 Hmu*. 


WSO&7JO 1,&6 8fiUr.!L! 







tilt h'ngth of the pendulum vibrating seconds 


October as, A. M. Arbury Hill. 

Clock losing 6 '*, a. Barometer 99.53 inches. 


' 1 

i eni|n : 

*rimt‘ f»i coitii* 
cidencc. 












sccontls. ! hour.s. 


Observed Corrcc* 
vibrations tion for Vibrations 
In ‘-i4 hour.s. Aic. hours 














488 Capt. Kater’s experiments Jo)' ( kteminhig the varuitim 


October 23. Aubury 

Clock losing 6*%2o. Barometer indies. 


Temp* 

Time of com* 
cidence* 

Arc 

of vibfu- 
tiufu 

Mean 

Arc. 

Interval 

til 

tfCCiiluls. 

Ko. of 
vtbrutioniii, 

OlHetvrd 
vibratto«'( 
ill H bmits. 

Cwtrc- 
f ton tor 
Ate. 

Vihraritnui 
in *U hmjtJt* 

52,6 

53,1 

lu m. .**. 

V, a.d* 

34.32 

4:h H 
MM 

10* ih22 

0* 0 

17 SH 
m.u 

34 . m 

lAU 

i*ir 

U 12 

1 M 
i,oi 
oSi 
o,o;j 
0 , 8 a 
0,88 
0,8^’ 
0|H0 

0 

Ml 

l.ul 

ihm 

0,87 

0,81 

0,81 

ti 1 1? 

r»io 

r>U3 

tiHi 

517 

517 

518 
518 

5 HI 



H. 

2 , 1 a 

1.05 

1*77 

i.OI 

i,lM 

1 ,»Mi 

I,*i4 

MO 

l,0H 


ms 

Umi 



5I6,H 

5t4,R 

800511, 4(; 

1,61 

HCiwn.o? 

October 23 , F. M. 

B.irometer 2^42 inchc.i. 

&S,2 

. is ',2 

t. 43.21 

61 .37 
t. e.8s 
»; 9 
17.45 

««.2t 
34.58 
43.35 
52.12 
S. 0.50 
9.28 

I.U 

i,ti 

1,05 

1.03 

0,93 

0,94 

0,91 

0,87 

0,83 

0,8C 

0,77 

1,12 
1,0H 
1,0.1 
.1,00 
0.98 
0,93 
0<«» 
0,85 
0,81 
: 0,78 

518 

518 

518 

518 

518 

517 

517 

517 
618 

518 



3,«tJ 

l,f>i 

1,74 

1,«4 

1,51 

1,39 

1,18 

1,07 

1,00 



'Hmn ' ' 



616,7 

514,7 


l»4^ 

86060,88 






in the length of the pendulum vibrating seconds. 4,89 


October 24, A. M. Arbury Hill. 

Clock lo.sing 6\20. Barometer 29,57 inches. 


Temi). Time "f coin- of vibra- Mean 


Intcrvul ^ P Observed Correc 
..'k « vibrations tion fo 

seconds, m 94 hours. Arc, 


Correc- . 
tion for Vibrations 
Arc. in 94 hours. 











490 CapL Kater’s expcrimenU for determining the viinafioi 


October 125, A. M. Ariu.uy Ilrf.f . 


Clock losing 6’* ,‘30. Barometer inehe.s. 


Temp. 

Timcofetim* 

cidciice* 

Ate 

of vthra- 
ttan. 

Mean 

Arc. 

Intervnl 

in 

Hcconds* 

No. oi 
vibrations. 

Olr^tcnrsl 
Vihraiintts 
tn 'H htnu^. 

♦spft f'lr 
Au'. 

Vibrabnn'i 
ti ,21 innus. 

0 

50,7 

51, a 

h. in. s. 
p, 

as. 1.1 

3«.50 
■<iri.*j« 
64. 1 

10. '2.13 

11. li* 

19 r,G 

a'l.n 
a?. 11 

4 , 5. .53 

lAH 

1 ,08 
l,(U 
(>,<»8 

(KH4 

(W 

OJif 

fn7<5 

iAn 

I.IO 

1 .(>;% 

1 JHt 

1 

o,<n 

0,H(J 

0,8,1 

0,H0 

OAT 

a l#» 
M7 
510 
517 
5Ui 

517 
?iJ7 

518 
5W 
AIH 



ti \ J 

s.o.s 

1.31 
1,«M 
I.IH 
1 ,:ir, 
l.'ll 
I,!.-! 
l.o.n 

0,»JJ 


so, 9 

M«an 



517,5 

5 in , 5 


i l,|S 

October * 5 , P. M. 



Barometer * 9,54 tnche.s. 

63,0 

63,6 

). 46.36 
64,13 

3 , 3*49 ‘ 
11,35 
3E>. 3 
3».S9 
8M« 
45.63 
64,31 

3, a. 8 
: 11.46 



510 

517 

51(1 

517 

517 

517 

517 

518 
517 
51B 



3, 0*2 
l,H4 
t.«J 
1.6? 
1.46 
1.3.1 
l.tH 

I . 07 
1,00 

II, «3 


63,S 

: . . 





617 

616 

86059.69 

1,41 

86061,00 







in the length of the pendulum vibrating seconds. 491 


October a6, A. M. Arbury Hill, 

Clock losing 6*, so. Barometer 29,55 inches. 


Corrcc- . 
tionfor .Vibrations 
Arc. in sw. boars. 



October 26, P. M. 


Barometer 09,55 inches. 


83,5 

0 . S.IB 

85.«« 
34. 3 
40.38 
5t.l4 
69.80 

3. 8.06 


ir. 9 

SS.SS 

63,9 

S4.t4 

' '8s,r 

Mean 



MDCCCXIX. 





















49» Capt, Kateh’s ewperiments for determining the varialnm 


181.9, Marcli 8, A. M. at Mr. Browne's house, LoNt)f»N. 

Clock gaining i»,75 in a mean solar day. Barometer 30,1c 
indies. 





















in the length of the pendulum vibrating seconds. 


m 


March 15, A. M. London. 


Clock gaining a*, 24. Barometer 30,14 inches. 



Time of coin- 
cidence* 

Arc 

of vibr«- 
tion* 


Interval 

in 

seconds. 

No. of 
vibrations. 

Observed 
vibnificns 
in n4 hours, 

Cortec- 
tion for 
Arc. 

Vibrations 
in G4 hours, 

0 

5l/i 

it. m. H. 
10.24.21 
38.42 

41.. 3 
40.24 

57.47 

n. 5.9 

22.. 53 
31, IB 

•18.1 

0 

1.14 

1,08 

1,04 

0,99 

0,94 

0,91 

0,88 

0,84 

0,81 

0,78 

0,74 

0 

1,11 

1,0(> 

1,01 

0,06* 

0,02 

0,H0 

0,82 

0,70 

0,70 

501 

501 
601 
503 

502 
502 
502 
603 

502 

503 


' 

s. 

2,02 

1,84 

1,67 

1,51 

1,88 

1,30 

1,21 

1,10 

1,02 

1 0,94 


8i,B 1 

1 

. M>efln ' j 

i f- 


602 

500 

8(i058,01 




March 16, A. M. London. 

Clock gaining 9*,»4. Barometer 30,0 inches. 


10.20.42 
29. U 
37.2» 
45,44 
54. 5 
11. 2.8« 
10.48 
19. 9 
51^.80 
85/>2 
63,1 44.14 

1,18 

l.]2 

1,07 
1,0.8 
0,98 
0,96 
0,92 
0,88 ; 
0,84 
o,ai 
0,78 

1,15 

1,09 

1,05 

1,00 

O.OB 

0,93 

0,90 

0,86 

0,82 

0,79 

600 
601 
601 
601 
601 
602 
601 
601 
502 i 
502 

' 


2,17 

1,95 

1,80 

i; 64 ' 

1,51 

.1,42 

1,33 

1,21 

1,10 

1,02 


62,7 Mc«i 

■ 

■1 

501,2 

499,2 

86057,46 

1,62 86068,98 














Time of coin* I tibra- 

' timt, Ak. 


* 


No. of 
vibnwions. 

ObservetJ 

tibrationt 
in *i4 hmirt. 


53,7 


53.5 M««n 


8f}<)6r,30 1,53 


March i 8 » A. M. hottmn. 

Clock gaining •*,14. Barometer $0,9 1 inches. 


i«,6 

. 0 , i«. r w ^ ^ 

lOJMS 
48.10 
5689 
11. 5. 0 


13.91 

91.49 


SO. s 


S8A4 


’ 46.46 



6S.S 

,0C‘’i80".' 


t.lS 501 
i.oe 600 
1.04 1K3II 
501 


1*1*} 1 


409.3 86067.40 1.47 


ISSf 


m 















in the length of the pendulum vibrating seconds. 


May 11, A. M. at Shanklin Farm. 

Clock losing 9*4 in a mean solar day. Barometer 30,17 
inches. 


















406 Capt, Kater’s experiments Jor determining the variation 


May IS, A. M. Shanklin Farm. 

Clock losing SM" Barometer 30,10 inches. 


T«mp* 

Time of coin* 
cidencc. 

Arc 

of vibra- 
tioCfi, 

Mean 

Arc. 

Intavai 

tn 

N'cCiindu, 

Nu, {if 
vilitatiuitsk. 

j 

in ‘H iurjrr*, 

j Cut tea * 

tUMl tiU' 

Au;» 

t ‘J! f lianr$. 

60, « 

«t,4 

h, in. N. 
!),17.Sy 
S.'j.nM 

34. ar 

49.fvi 

10 , H .17 

16.46 

as.is 

;u.4S 

49.11 

t) 

hlH 

1,13 

l\OH 

1,03 

0,OH 

031 i 
0,(10 
OM 
0,83 

0,70 

0,?6 

l,U» 

1,10 

1 . 0 *. 

1 ,0(» 
O.lMi 
0,!li£ 
U,KH 
0.81 
0,81 
0,77 

307 

bm 

307 

mr 

mm 

mm 

mm 

mm 

mm 

mm 

: 


■ 2.17 

1,9H 

l,HI 

l,6t 

i,r,i 

i,:i9 

1,97 

1,16 

1.08 

0,97 

^1,0 

Menn 



607,9 

606,9 

8(»)r>0,46 

l,,.60 

May 1ft, 1 *. M. Barometer ,$0,09 inc 

61,9 

6M 

0. 1643 

: '«9»' 4 ' ' 

IKKS» 

' ' 68,60 

1 , tm 
16.55 

^ ' 94,98 
S9.51 
4U9 

1,91 

1,16 

1.11 

1.05 

1,00 

0,96 

0,93 

0,68 

0,84 

0,81 

0.77 

1,18 

1.1.1 

1,08 

1,09 

0,9« 

0,94 

0,90 

0,86 

0,89 

0,79 

507 

507 
607. 

6 0 7 

508 
BOB 

608 
508 
508 
608 

. 

. 

9,98 

9.09 
1,91 

1.71 

1,57 

1,46 

1,39 

1,91 

1.10 
1,09 

ambiM 

61,8 

s-.'Miwi ■ 

’l , 

" '* 'i, ' 

607,6 

505,6 

86060,98 

1.57 



m ihe length of the pendulum vibrating seconds,. 457 


May 13, A. M. Shanklin Farm* 


Clock losing Barometer 30,08 inches. 






























49$ CapU Kater's essperiments for determining the variation 


May 14, A. M. Shanklin Farm. 

Clock losing 9’, 4. Barometer 30,14 inclic.s. 






















in the length of the pendulum vibrating seconds. 


May 15, A. M. Shankun Farm. 

Clock losing 9%4. Barometer 30,05 inches. 


Temp* 

Time of coin- 
eiticncc. 

Arc 

ofvibri* 

tion* 


■ 

No. of 
vibratSoAs. 

Observed 
vibrations 
n M hours* 

CorreC" | 
tioti for 
Arc. 

Vibrations 
in Si4 hours. 

fUyt 

ii. m. B, 

5J0.55 

43 4D 

ri! 2 . 1 (> 
rn. 0.42 
{1, 0 

17 Af 

2f;. 5 

4 : 1 . i 

1,18 
1,12 
1.07 
1,02 
0,97 
0,»S 
0,90 
0,87 
o,H;j 
o,7S) 
0,7 « 

0 

1,15 

1,00 

1,04 

0,00 

0,05 

0,01 

0,88 

0,85 

0.81 

0,77 

605 
607 
607 

507 

606 

607 

508 

608 
rm 
r><)B 



s. 

2.17 

1,95 

1,77 

1,60 

1,48 

1,36 

1.27 

1,29 

1.18 
0,97 

* 

50, » 

Mann 



B07.2 

505,2 

B0O40,04 

1,50 

86061,44 

May 15 , P. M. 


' ^ 

Barometer 30,65 inches. 


0. 31.3H 

40 4 
4B3I 

1. mi 
13.51 

31.40 

30,13 

4740 
mi H 

1,17 

1,12 

1,07 

t,fW 

0,98 

n,»H 

0,89 

0,85 

0,82 

0,78 

0.78 

1 

1,14; 

1,<M> 

1,01 

1,(K) 

0,98 

0,91 

0,87 

O.Mi 

0,80 

0,7« 

506 
Mff 

507 
5(^ 
507 

507 

508 
5W 
507 
50S 



2,13 

1,95 

1,78 

1,64 

1,48 

i,se 

1,24 

1 , 1 s 

1.05 

0,95 


61, S 

Misun 



507 

505 

86640,81 

. 1,47 

86051418 
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May i6, A. M. Sjianklik Farm. 


Clock losing 9 * 4 . 


Ikimnictcr 30 , 0 ^} inches 


™ , , Ate „ Itttrwl „ , ^ Obitriveit j Cttwe- ,,,, , 

Temp. Tmicofeoin. „fvib«- Mc«'' in .."“'."f 1 vibmiioti* turn tut iVibfiittnn* 

1 cMencc. ,io„. j Are. jecomls. in ae I Aic. | I'l « hmiti. 


0 h. HI. 

.nn ,8 f».' 39 .riH 

38.2.'* 
40 .rii 
r..'5,i8 
ICI. 3.46 
12.13 
! 2(>.40 
29 . 8 
.iyM’jf} 
49 . S 

mm 


60,1 Mean 


89050,14 [ 1 ,. 5 fi j 


41 M 
49 M 
B§M 
i, 0.68 
ir*.2o 
MAT 
8S.14 


607 606 


1,63 U)m 5 l,S 4 











in the length of the pendulum vibrating seconds. 


sot 


Obscfraiions for connecting the Stations of the Trigonometrical 
Survey with those of the Pendulum. 

Clifton. 

Oct. 9th 1818. The angles of the following triangles were 
observed, in order to obtain the distance from Clifton Bea- 
con to the Pendulum. 


Clifton Beacon from Laughton Spire, QS^OQfeet. 

Clifton Beacon, 83.22.23 1 , I* 934, feet. 

Laughton Spire ( 2. 6. o)J Station A | 

Station A, - 


Cl f ion Beacon from Station A, Q%t^feet. 

I' 1 “ 

Pendulum Stat 


Clifton Beacon, 85.4,8.29 I ' 

Station A, - 58.48.4,1 J ^ 

Pendulum Station ,(35.22 .50 ) 

The angle between Laughton Spire and 
the Pendulum Station is, 

Laughton Spire is south west of the Me- 
ridian of Clifton Beacon, - - J 

Hence, the bearing of the Pendulum Sta - 1 
tion from Clifton Beacon to the N.E. is j 


■{: 


1380 feet. 


I i§9. 10.5a 
1.56.1s 
12.45.20 


Arbury Hill, 

On the 26th of October, a base of 906 feet was measured 
in the meadows at the foot of Arbury Hill, for the purpose 
of finding the distance from Arbury Hill to the Pendulum 



5oa Capt. Kateti’s experiments for determining^ the ihirialmn 

Station. As the house couhl not he seen, I ehose a station 
(B) near it, which by measurement was sob' feet t(» the 
north of the clock. The following triangles were then ob- 
served. 


From the North end of the Hase to the South end, 906 feet. 


North end, 
South end, 
Arbury Hill, 


O $ 

97 37- .5], 

Ho 

54.30.2 ij 


r. 


Arbury Ililli 


[ic) 2 i feet 


(s7-55i-S4) 


From the South end of the Base to Arbury Hilf 13*1 feet. 

n t 0 

South end, - 104.24.17 

Arbury Hill, {344«* 4 ) 

Station B, « 40.53.39 

Adding ao6 feet to 2842, we obtain 3048 feet, for the tli.s- 
tance from the Pendulum to Arbury Hill, which was so 
nearly in the direction of the meridian as to require no cor*> 
rectioii. 


' to Station B. - **T~" - 
J l» 84 afcet. 



in the length of the pendulum vibrating secojids. 


Dun nose. 

9th May, 1819, measured a Base of 1140 feet on Shanklin 
Down, and observed the following readings on the azimuth 
circle. 


jii the Norib end of the Base, 

Objacti. 

Readings of the 
Verniers* 

Mean, 

Samitser house chimney, - 

0 / , 

0 . 4 Z.JS 1 

4*50 f 
4*-50 J 

0 / // 

042.38 

South end of base, - ^ * 

106.1 1,20 1 
11. 5 V 
11. 5 J 

io6tii.io 

Top of the Signal Foit, « 

210.15. 40 
iQ.rao V 

* 5*35 J 

210.15.52 

Duunsrtc Station, • -i - 

*35.50.10 -j 
51. 0 V. 
50.30 J 


At iho Boidb end of the Base. 

Ssr UicHAiio Woitibsvi’s Obcibky 

0.2540 1 

«S* 3 S J 

■: 

Dunnose Station, 

57 -J 9 -SS 1 
19.50 5. 

19.45 J 

57.19.50 

Top of the Sigriill Post, 

S7.56.iO "1 

Sf* 5 V 
$6, 0 J 

57.56, 8 

North end of haw. • » - > 

,6541. 0 1 
40.40 V 
-i«- 3 S J 

65.40.45 

Summer Houte chimney, 

' 

125. 3 '^S "1 
' 8-»S \ 

3 -aS J 

1*5. 3,25 J 
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Jt lhamo\^ 


Ohirt 1 1* 

Ki 4 <lingH ul tin 

Vriiiui 

Mriu. 

Noith en<l of Basv, 

0,1 t> 

16 p> 

* f 

0. i6.<;u 

Top oi the Stgiml l^ost* 

^6 26.it) 1 

ift.ii; } 

|6*i6.t8 

Sir Rir HAEi) WoaiihBrS Ohdisk» 

159.2(1.10 1 
ar(». 3 o } 
X()t 0 J 

17 


No. i. From the North to South cud of tiase, tijfp feet. 


North end Base, 
South c‘n<! Base, 
Summer lion, sc, 


105.aB.3e ] to Summer iiouse 13755 
53.22 40 ( chimney, \ 4205 
(15. H.i.8) 


No, a. P'rom tftc North to South end of fhixc, 1 141 


North end Base, 
South end Base, 
Signal Post, 


t> t It 

104. 4.4a 
744 f 37 


I to Signal l*».si ^ 




(68. 10.41 ) 


No. 3. In the following triangle, we have given the two 
sides from the soutli end of the Ba.se to the Summer hou.sv, 
and from the south end of the Base to the Signal Po.si aiul the 
included angle, to find the remaining angles and the dis- 
tance from the Signal Post to the Summer hou.sic. 

South end IStese, ^7. ^.17 

Summer house, tB.to.gB 

Sgnal Post, - 96.8». 5 


I to Signal Post 


tllQl 

13900 
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Thd distance from the Sift'nal Post to the gun marking 
Dunnost; station, was found by measurement to be 120 feet, 
the gun being to llic northward, and nearly in a right line 
with the south end of the base and the Signal Post. This 
being added to 1191 feet, the distance of the Signal Post 
from tlie s{)uth end of the Base, we have 1511 feet, for the 
distance of the gun from the south end of the Base. In the 
follpwing triangle therefore, two side.s, and the included 
angle, are given to find the remaining angles and the third 
side. 


No. 4. Ft am the South end of Base to Dunnose Station 1311 

feet. 

South end Base, 

Dunnose Station, (94. 9.34) 

Summerhouse, (18. 7. 1) 

The following angles are for the purpose of determining 
the angle at Dunnose station, between the north and south 
end.s of the base. o / n 

North end Base, - - 139.39.83 

South end Base, - - 8.80155 

Duniio.se Station, - - ( 4 ^* 594 ®) 

In the trianglcNo. 4, if from 94".9 '.b 4" we subtract 4i*’.59'.48" 
the remainder 58*.9'.49'* will be the angle at Dunnose Sta- 
tion, bedween the Summer house and the north end of the 
Base; to which the observed angle between the rltirth end 
of the Base and Sir Richard WorslRV's Obelisk i 59 "- 9 '-» 7 " 
being added, we obtain 9 ii*.J 9 '* 9 "» or 348«.46'.5i" foi- the 


} 


to Summer house 


} 


B$oi 



tiod Capt. KATEn's experimenU for (klemming (hr ruiriiifum 

angle at DunnoKe Station lic(w<’on the Obelisk aiu! llie Sum- 
mer house. 

The bearing of Sir KrcjiAun Worsi.ky’s Obelisk, a(;eor{!iiig 
to the Trigonometrical Survey, is noith-west IVoin 

the meridian of Dinmose; therefore the bearing of tla* Sum- 
mer house appears to be 6 ’o"., 58 ^ it'' north-ea.st, and tiu; re- 
sulting distance on the nieri<lian feel. 

May ictli, the following obsiTva lions were made wlth.lhe 
Repeating Circle, fi>r obtaining the Zenith dfstanceof thetop 
(jf the Signal Post. 

Wr ufing* , *Vt*. 

Vt’Pnkr - g 

Second • « o 

'I’hirt! ‘ - If 

l*'ourth «. • n 

Mfim - * sit9Jf.S4^ 

Iiulejc « • 4. 1^,0 

Level - x,yt 

+ ’56a o. o 

Zeiu DUt * Hi 156.43,9 

X ai4=:~»4»o 

From the above Zenith distance, and the distance of the 
Signal Post from the Summer house, we ol)taiii 576' ieet, for 
the elevation of the top of the Signal Post above the Summer 
house. 

The Signal Post was carefully estimated to be 30 feet 
high, Dunnose Station is about 7 feet below the b.ise of 
the Signal Post. Deducting therefore 37 feet, we have 334) 
feet, for the elevation of Dunnose Station above the Pen- 
dtolttm. 
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Hy "rrij^onomclrical Survey, Dumiosc appears to bo 
yjy/feet above liio level of the sea ; the height therefore of 
the l»t>n<l»lum above the sea was 353 feet. 

Ohsirvathns xvith a liarameter of Sir H. Ehglefield's com- 
sl ruction at the Isle of TVight. 

... Calculated FeetaboTC | 

1 af Barometer. hekht* high water 

njife* 1 nmineirr. Station*. inches. rofrection mark. 


May it Summer house, 

^ 61 High water mark, 

63 Summer house, 

1 c 6x Summer house, 

Ot High water mark, 


()z Summerhouse, • *• 

Cl High water mark, - 30,^003 

61 Summer house, - - 1 5. 

S<. IJwd. (i ft. «bovc h. wuicr,) 30««7V 

Summerhouse. - - 30.008 J +7.o 


1C 60 Duunose, 

^ 61 nigh water mark, 

Co Dwuuose, 

61 Summer house, 


* 9499 1 707,7 

3o,a6o ; 


* 9*499 U 
30,036/ 


* 19^4 

+ »6,x 


•Kolorrccti* .pplW, « A °f •’’t 
aooouni if tte ris. of the mercury in the cistern of the bare- 

meter. 

From the Fooedtog table we have 

Dunnose above the Summer house by Tngon | 

trical measurement, - - “ ^ ^ ^ ^ 

By the Barometer, - " 

Difference, - 





5o8 Capt. Kater's experiments, 

Summer house above high water mark by the bare- ] 
meter, - » - « j 

Add for the fall of the tide, ~ - - to,o 


Summer house above low water, - - - 230,8 

Above low water by the Survey and Trigonometri- 1 
cal observation, 


Dhfcrcncc - 3s,g 
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41, 6,/ar tt^neiix amilac6 read, ligoeux amilac^ 9,3. 

43, 6, /or 26 cenlin). cubes, read, 96 ceatim. cubes. 

45, 6, /or 42 heures, read, 42 jours. 

l4,//r374,rc«d3.'r4. 

20, /m* 0,8 1 4, read 39*28* 

— 2 1 ,/or be be, read be. 

199, 8, and 9, /or so that, readaud that, 

19, /or 0.975, read 0.996. 

21, /or 21*460, r^ud 21,680. 
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